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FOREWORD 

A part of the research work on Contract Nonr 393(01) has 

been oonductod by a rraduate student, Mr. Russell Grant Athay, 

workii.i; under a cooperative research program in solar physics 

between IUgh Altitude Observatory and the University of Utah* 

The Ph.D. thesis ouranarizing his work has been jointly super- 

vised by the astrophysics group of the University of Utah and 

the ieoearoh staff of the ;ti.gh Altitude Observatory.   The 

thesis contains major results of the eclipse expedition conducted 

under the contract, and is therefore being Issued herewith as a 

contract technical report. 

The principal scientific results in this thesis will later 

be made the subject of published articles in the scientific 

literature.    Such published articles will be distributed as 

additional technical reports under this contract. 

Walter Orr Roberts, Director 
High Altitude Observatory 

13 July 1903 
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ABSTRACT 

Analysis of ultraviolet spectrograms of the ohromospheric flash 

obtained at the 1952 solar eclipse at Khartoum, Sudan, presented serious 

photometric problems. Standardising exposures in the ultraviolet made at 

Khartoum were not successful because of a post~eclipae failure of the film 

advance mechanism. Characteristic curves obtained from standard lamp ex- 

posures made in Boulder after completion of the expedition could not be 

trusted to represent the photometric properties of the eclipse films, and 

were principally useful as a first approximation to the curves representing 

the eclipse spectrograms. In addition, there were uncertainties in the 

duration of the exposures on all except six spectrograms. 

Methods were developed that allowed, in spite of these problems, 

entirely reliable determinations of the characteristic curves of the films 

made during the eclipse. A thorough, independent check on the consistency 

and accuracy of the final curves was possible and its result was entirely 

satisfactory. 

The Image of the coronal continuum extending beyond the moon'a limb at 

right angles to the line of contacts was uoed to determine the relative 

exposures. Change with wavelength of film sensitivity, atmospheric absorp^ 

tion, and reflectivity of the mirror surfaces were evaluated and included 

as corrections to the photometry. 

The densities of the hydrogen Balmar lines from HQ to H^i and at four 

wavelengths in the Balraer continuum were measured at two points on the limb 

on 17 spectrogram* at second contact. The microdensitometer at the kcMath- 

Hulbert Observatory was used for tht tracings. These densities were then 
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converted to give, aft«r application of the photonetrio procedures, tables 

of corrected line intensities for 2b lines of the Balner series st heights 

separated by 108 tana in the lower chromosphere* ranging f roa 100 kms to 

3800 kma in height, as shown in Table 2, pages 1*8 and 1*9. 

The values of line and oontinuun Intensities were found to be internally 

consistent and it was deaonstrated that systematic errors were negligibly 

email.    The rendon errors were relatively small for photographic photometry. 

The Balaer decrements agreed well with those obtained by Cillle and 

Menael at tha 1932 eclipse at the heights of the chromosphere where the 

observations overlap.    However,  the emission-height gradients of hydrogen 

are about U0% larger than in 1932, and the absolute intensities of the 

hydrogen emission at the base of the ehromoephore were about five times as 

large as in 1932. 

The emission-height curves wsre found to be well represented by 

£„~£*,o e 

except for lines Hg to 1!^ below 2000 km.    The values of 0n Increased 

systematically from Bg - l.li x loW-1 to B^ • 2.1 x 10-W-l. 

Preliminary Interpretation of the observations revealed that the 

effects of self-absorption were pronounced, and also demonstrated that 

there were large departures from thermodynamic equilibrium in the sense 

that the bn' s were greater than one at 700 km and increased with height* 

Preliminary analysis of the Balmar continuum data showed that the 

electron temperature was less than 12,000° K at chromospheric heights below 

1000 km and that the temperature increased upward.    The electron densities 

in the low chromosphere were found to be of the order of 1011 per cm^. 



A detailed determination of the thennodynamic structure of the solar 

chromosphere will ba attempted by Dr. R. N. Thomas and his associates trcn 

tha tabulated lntanBltlos jjiv»n in this theels, and will ba tha subject of 

later reporta from tha High Altitude Observatory. 



I. INTRODUCTION 

Spectrographic observations of the flash spectrum at the total solar 

eclipse in Khartoum, Sudani on February 2$, 1952 wart made by the High 

Altitude Observatory of Harvard University and the University of Colorado* 

This work was supported by the Office of Naval Research and carried out in 

cooperation with the Naval Research Laboratory*    A primary purpose of the 

expedition was to obtain observations of the solar chromosphere simultane- 

ously in the optical-photographic and short-wave radio regiono of the 

spectrum.    These two seta of observations are to be used, in turn, as 

independent means of deducing the thermodyna&ic structure of the 

chromosphere. 

The results of previous radio noise observations* gave electron 

temperatures of the ordor of 0000° K in the lower ehromospheric layers. 

Temperatures of this same order were found by Cillie and Monxul' from the 

distribution cf intensities in the Balmer continuum observed at the 1932 

eclipse, and similar results wore obtained by Goldberg-3 from the relative 

population of excited levels in Helium.    On  the other hand,  line profile 

measurements by Redman** at the 19li0 eclipse gave temperatures of the 

order of 30,000° K.    Giovanelli^ and otttors have pointed out that tampara- 

turns of this latter order are required to support the obsarvad donsity 

gradients if one assumes a highly ionised atmosphere in hydrostatic equi- 

librium.    In a series of papere, Thomas" ohowed further evidence in favor 

of a high temperati-rs chromosphere. 

At the present time there is considerable doubt about the actual 

thermodynamic conditions in the chromosphere.    Not only are the observations 



apparently conflicting, but theoreticians are aleo in dlaagraamant aa to 

the cauaas of the discrepancies.    Wa hopa that tho preeent obaanrationa 

will halp to raaolve tha apparant diffarancaa between tha optioal and 

radio nolaa obaanrationa by giving ua an lrprovad determination of tha 

thennodynamio conditions in tha ohromoephere#    Tha mathoda of analysis and 

tha requirements for tha optioal obaanrationa wora developed by Thomaa.' 

Tha apeotrographio equipment was daslgnad by tha High Altitude Observatory 

explicitly to fit these requirementa. and to give tha neoeaeary data for 

thia analytical method, namely, detailed apactrophotometrio obaanrationa 

of tha emission in the hydrogen Balmer and Paachan series. 

Cnmplatlon of the overall problem divides itself logically into tore 

partsi   (1) measurement and reduction of tha spectrograms, leading to tables 

of intensities for the hydrogen Balmar and Paschen lines, and (2) inter- 

pretation of these data,  leading to a detailed specification of the thermo- 

dynamic conditions of the chromosphere*     The work reported in thia   thesis 

encompasses the first of these objectives,  so far as the data obtained at 

Khartoum permit, and includes a preliminary interpretation of the results 

to be expected* 



II.    OBSERVATIONS AT THE ECLIPSE 

Tho High Altitude Observatory eclipse expedition, a part of the larger 

expedition of tho Naval Resoarch Laboratory, wae headed by Dr. John W. 

Evans,* who was assisted by Ur. Robert H. Lee and Hr. Robert H. Cooper. 

Observations were made with three slitlesa apectrographa,  two having lena 

system.') and c.e a refloction system for the image-forming elements.    The 

properties of tho apectrographa are given In Table 1. 

A diagonal mirror in tho uit.aviolet spectrograph, between the 

grating and the spherical mirror, diverted the spectrum to the photo- 

graphic emulsion.    This mirror blocked out aO mm of the short dimension of 

the grating, leaving an effective surface of 85 x 1J>0 mm. 

All three spectrographs were attached to a single rigid structural 

spar, mounted equatorially, and prided in hour angle and declination by a 
a 

photoelectric servo-mechanism   similar to those used at the Climax and 

Sacramento Peak coronagraph stations. 

Tho cameras wore designed for "Jumping film" observations at a much 

faster rate than earlier eclip««-go«rs had attempted.    A pneumatic film 

transport and Bhutter syfltorn was used.    This design allowed a rapid 111m 

tranj^port with a minimum of mochanical motion or vibration.    The cameras 

used 20-foot rolls of film 9 1/2 inches wide prepared by the Eastman Kodak 

Company.    The spectrum Was' imaged on the film wit^i tho direction of dis- 

persion along the 9 1/2 inch dimension.    It was necessary to move the film 

only about two inches between exposures.    The cameras ware all. operated 

»   Dr. Evans Is now Superintendent of the Upper Air Research Observatory 
at Sacramento Poak, New Mexico. 
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by « single control system giving simultaneous exposures. 

The observing program at eclipse was as followsi the exposure Uses In 

the low chromosphere were 00 seoond with an Interval of 0.1 second between 

the end of one exposure and the beginning of the next. The 0*3 second 

exposures wore started 10 seconds before the computed timo of first flash. 

At the appearance of the flash the program control was started. The 0.3 

second exposures were continued for 12 exposures, and then four exposures 

of 0.? second and four of 2.9 seconds were taken. After the last 2.9 

second exposure! some longer exposures of the corona were made. The same 

program was reversed for second flash. Through some unexplained mechanical 

peculiarity, the first 0.9 second exposure turned out to be 0.6 second. 

The observing conditions at Khartoum ware excellent. The sky was 

cloudless, the wind velocity moderate, and the seeing good. On February 22, 

there was a cold frontal passage with a rather severe sandstorm. On the day 

of the eclipse there was > till a slight blowing of tho sand, but this wait 

confined to the lovels a fow feet above the surface and below most of the 

observing equipment. There was still a slight haae left by the duct from 

the preceding storm. However the atwoBphoric transparency was good and 

showed no evidence of being variable. The photopic and spectral attenuation 

of the atmosphere was measured by the Naval Research laboratory group" 

during the w days preceding the aclipse and on eclipse day. 

The expedition was not without serious troubles, however* In the 

process of setting up and aligning the equipment, Dr. Evans fell from the 

spar and fractured his leg. This accident seriously Jeopardized the expedi- 

tion, and it was only through extreme effort on the part of all three 

members of the team that any observations were obtained. In addition to 



this, th« sandstorm on Februnry 22 forced Band into the film transport and 

shutter system. Tha operation of this system afterward was somewhat 

erratic* Fortunately; the operation during tha eclipse was quite smooth, 

and a relatively large number of excellent spectrograms was obtained. This 

system failed to operate, however, during the standard exposures taken in 

Khartoum after the eclipae* Because we had, as a safety measure, planned 

alternative ways of accomplishing the photometric standardization, the loss 

of these standard exposures was not so serious as it might, at first sight, 

appear. This point will be discussed in dotail in part III. 

Seventeen ultraviolet and 19  visible spectrograms at first flash are 

of good quality and suitable for accurate photometry. Tha infrared spectro- 

grams were underexposed, and, although there ie much usable information on 

them, the Paochen lines are too weak for accurate hydrogen line photometry 

of the desired type on all except one spectrogram. The sand in the pneu- 

matic system produced a few double exposures. In some of the spectrograms 

there is evidence that the film moved while the shutters were open. This 

effect shows up as a slight blurring of intense lines, perpendicular to 

the direction of dispersion. There is no evidence of blurring in the lines 

of medium intensity, and the actual intensity measurements show that this 

effect was minor. On the whole the spectrograms at first flash were very 

good. 

The program for second flash started too late, and the longer ex- 

posures were overexposed* There are, however, six visible and six ultra- 

violet spectrograms at second flash that were exposed for 0.3 second in the 

low chromosphere. These spectrograms were of exceptionally good quality. 

The spectxographs were designed so that two images of the spectrum 



appeared aide by tide in each exposure*    The two Images were accomplished 

with a simple image-dividing system in each spactrograph.    The primary 

image received practically all of the light from the grating, and the 

secondary image received approximately 1/100 of the total light*    The 

actual intensity ratio depended on the wavelength* since the reflection 

and transmission coefficients of the systems varied with wavelength*   Thlf 

simple device greatly increased the amount of usable informatlor on the 

spectrograms by extending the range of intensities that can be measured* 

In addition, this system greatly improved the chances of getting usable 

densities i& any given exposure, and it provided a basis for checking the 

accuracy of the photometry, aa described below. 

Along with the two images of the s^ctrum, each exposure contained 

the image of a data panel*   The panel included a step wedge aa a check on 

photometry, and a system of clocks for measuring exposure times*   The step 

wedge was illuminated from behind by a constant light sourcej the light 

transmitted by the *•&& was filtered to give a band about JjOO A. wide. 

Plates 1 and 2 are reproductions of visible and ultraviolet speotro- 

graas*   The bright regions bordering the primary image were formed by the 

coronal continuum that extends beyond the moon's limb at right angles to 

the line of contacts.    This continuum overlaps the secondary image of the 

apeotrum and the image of the data panel.   In designing the eclipse spectre- 

graphs Dr. Evans overlooked the fact that this continuum would be so in* 

tense.    This oversight had both beneficial and detrimental effects*   The 

overlap into the secondary Image raised the densities in that image above 

the extreme toe of the characteristic curve, making the determination cf 

intensities more reliable, and introduced no systematic errors, since the 
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Plate 1.    Negative print of * portion of ultraviolet •peetrotram No. 9. 
Point* a and b aiK* »#voral Baimer Unee are indicated. 

Plate 2.    Negative print of a portion of visual spectrogram No. 13 showing! 
a. data panel wedge) b. primary imngej c.  secondary Image* 



Unnt of the overlapped image Integrated out of all line Intensities In the 

reduction process*    On the other hand, the offecta on the data panel were 

detrimental.    In the visible spectra, the effeot is scarcely noticeable, 

and even for the st«p wedge can be reliably corrected.    In the ultraviolet, 

however, the data panels were of little use*    In only six exposures could 

the dock Images be seen, and none of the wedgos were unable.    At first we 

feared that this was a very serious loss, but, as we shall point out below/ 

the image of the continuum itself allowed us to determine the characteristic 

curves of the film at all desired wavelengths, and also to determlns the 

relative exposuree of each image* 

Prior to those observations the most complete and most useful chrome- 

spheric eclipse observations that give reliable intensity measurements are 

those reported by Oillie and Kernel*     They made five observations of the 

chrcoospheric spectrum between 0 and l.ooo fcms.    During each of their ex- 

posures the moon moved 1*17 ten relative to the aun, and during the interval 

between the middle of two consecutive exposures the moon moved 833 km 

relative to the sun. 

For comparison, at the Khartoum eclipse we were able to cut the rela- 

tive motion of sun and moon between exposures to one-eighth of this value. 

During an interval of 0.3 second the moon moved 81 km and in o.k second 

106 km relative to the sun*    The relative motion of the sun and moon was 

slower (269 km/sec) and we spaced our exposures much more closely*    In the 

range 0 - 3700 km we have 18 separate observations in the ultraviolet, and 

each of these oontair*. two images of the spectrum.    Wore it not for double 

exposures there would have been a total of 22 spectrograms between these 

aft»*) levels*    There can be no doubt that the large increase in the hoight 
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resolution in theaa observations will bo oX groat iaportanco to anyona 

attompting * study of th* ohromoapharlo struoturo*    lbs scouracy and roll- 

ability of tho data obtained froa tho spaetrograuB will bo dlaousaod in 

tho following ssotions* 
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III. PHOTOMETRIC METHODS 

A* Stannary of Planned Photomstrio Program 

Two principal methods of photon*trie standardisation of our eclipa* 

filma ware planned before the oclipoe, with esverel possible alternatives 

risualited in ease of diffioultles with these principal methods. As our 

program developed* we were forced to rely entirely upon alternatives, but 

because of the way in which the photometric procedure! were executed, as 

described in detail below, we are confident that the final results, though 

more laboriously derived, are comparable in accuracy with those expected 

from the originally planned method*. 

Our Initial standardisation plans called for ua to produce a set of 

standard exposures In our apectrographs, using as a light source a cali- 

brated tungsten ribbon-filament lamp and a collimator of known photometric 

characteristics* We planned to image the filament of the lamp on the slit 

of a collimating system like that of Figure la, attached to the spectre• 

graphs* For the standard exposures we had planned to use a straight slit, 

covered by a wedge whose tranamisslvity varied continuously along lta 

length* Thus the Image of the slit on the film would be a continuous 

spectrum with a change of intensity normal to the dispersion* We planned 

to determine the absolute intensity of the light producing given blacken- 

ing of the film from the constants of the lamp and the oollimating system. 

The standard exposures we planned to place on the film, adjacent to the 

eclipse spectra, as soon as possible after eclipse, and to accomplish the 

processing in the some film strip at the asms time as the eolipse films* 

The principal check on the method was to be the standard wedge in our data 
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boxes, recorded on each eclipse exposure with the same length of exposure 

and at tne feme womant as the eclipse exposure. 

Unforeseen difficulties prevented ua from carrying out this program, 

and forced upon us a far more laborious procedure, as described below, we 

did, however* use the oollimating equipment designed for usa in the planned 

procedure, even though simultaneous processing of eclipse and standard ax- 

posures made at the time of the eclipee waa impossible* 

B* Photometric Program as Executed 

The planned standard exposures, using the procedures outlined, above, 

were attempted in Khartoum, shortly after the eclipse* For some reason, 

probably the sand in the aystea, the film transports failed in all three 

cameras, and the films of the eclipse spectra, therefore, were not accompa- 

nied by these standards, whan processed* Another attempt to get the 

standard exposures was made in Khartoum, but, unfortunately, the expedition 

had to leave the site so soon that there was neither time nor facilities to 

process the film until after the return to Boulder* Whan this film was 

prooeseed, we discovered that th* film transport in the ultraviolet camera 

had again failed* The visible was partially successful, and the infrared 

operated normally. However, the long delay between the exposing and 

processing and the unknown storage conditions, gave ua considerable uouwt 

about the accuracy of the standards* The rolls of film that were ussd for 

the eclipse spectrograms were still not completely used up* The equipment 

was therefore reassembled in Boulder and the standard expoeuree again 

completed on the same rolls of film. Two sets of standard exposures were 

taken at diIrerent times and processed separately. The processing and 
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exposing conditions used in Khartoun had been carefully recorded and an 

attempt was nade to duplicate these conditione exactly for the standards 

taken in Boulder* The same person did the processing in both places* We 

recognised» however, that the detailed shape of the characteristic curves 

obtained from these exposures would be only a first approximation to the 

proper curves, but the variations of the curves with wavelength and the 

absolute intensity for the middle of the straight line portions of the 

characteristic curves we expeoted to be able to trust. 

The standard step wedge impressed on the films during ths eclipse 

exposures recorded successfully in the visible spectra* but was obsoured 

in the ultraviolet by the continuum, which overlapped into the area 

reserved for the data box. the light paesing from the wedge to the films 

was traversed through a green filter that transmitted a band of light about 

1*00 A in width, giving us a characteristic curve at one wavelength* 

The image divider, which gave two images of the spectrum on each ex- 

posure also aided us materially in checking the photometry aa outlined 

below. 

C. Method of Determining Characteristic 
Curves by Standard lamp and Collimator 

Tho asthod uses in Boulder to standardise the photographic films 

exposed to the standard lamp and colllmator was exactly the same as that 

originally planned for the eclipse films themselves* Because the films 

had to be developed separately from the eclipse films, and in spite of the 

fact that tho same emulsions were used and conditions were duplicated AS 

closely as possible, we uaed the characteristics so derived simply to give 
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ua a first approximation to the appropriate curves, to determine the wave- 

length variations of the curvoa, and to fix the absolute intensities cor- 

responding to the middle of the straight line portions of the character- 

istic curves. 

The method gives absolute characteristic curves for the films at all 

desired wavelengths. The first step in the method is to obtain an expres- 

sion for the absolute Intensity of a chromospherJ e speotrm line in terms 

of the characteristics of the standard lamp and cellimator. This we have 

done in the following atapa, leading up to equations (8) and (9) on page 17« 

The lamp we used was calibrated by the National Bureau of Standards; 

before the standard exposures were taken. After the entire expedition and 

post-expedition standardisation had been completed we had the lamp recali- 

brated* We found that no important change in the characteristics of the 

lamp occurred. The calibration gave Ifca bri *htness tesparature of the lamp 

for several values of the filament current. The brightnaas temperature* 

SX, is related to the true temperature, T, through the equation 

x. ~ *±°J A '** far i +- 
T <* •"" (1) 

where C-2 • 1»1J32 cm decrees and   %\tf 
lfi  tilt* spectral ©mi»sibity of 

tungsten.    The values of C^ j given by For^ythe and Adoma1^ were used.    The 

intensity or tne radiation from 1 omfc of the filament, expressed in tanas 

of the black body emission function, Jx T, in ergs/sec/unit solid angle/unit 

wavelength is 
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L«t« 

-^ " the average coefficient of reflection at wavelength X, of the 

sis. reflecting aurfacee In the oollimator and ultraviolet 

speotrograph. 

f^x " ihe tron«mis«ivity of the wedge at a distance x from the end of 

the slit and wavelength X. 

-^ " the solid angle subtended by the grating as seen froa the slit* 

Uq   • the width of the slit. 

Then the intensity in ergs/sec/unit wavelength which reached an area, dfdX 

of the film in the ultraviolet spectrograph froa a length of slit. dL. 

located at the distance x froa one end of the slit is 

^AtT^rS*  %* *)*** **>> (3) 

the intensity of radiation in erge/aec/unlt wavelength froa the chromosphere 

wr4.cn reached the sane area of film is 

where; 

fif&t m ergs/sec in wavelength range dX emitted uniformly in all 

directions by a section of the chromosphere bounded by two 

parallel planes lying in the line of sight) 1 oa apart, and 

perpendicular to the sun's limb, and a third plane tangent to 

the moon's limb along this line of Bight. 

Q%   -   the solid angle aublanded by the grating as seen froa the sun. 

L    • the length of the chromosphorlc section which is imaged with a 

— length d/ on the film. 
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p,t * the spectral attenuation of the atmosphoro* 

Equating (3) and (u)» we got 

4fi.-«?:«te^t^MJ5,^.«4,T^rA.   <S> 

The ratio of the solid angles subtended by the grating from the two 

aourcea is equal to the reciprocal of the ratio of the effective distance* 

squared* The effective distance of the grating from the slit ie equal to 

the focal length of the ecllimator, fc. If we call the distance from the 

tun to the earth R, then 

ftt • SL . (6) 

The ratio of the length of slit to the length of the ohroaospherie section 

that has the sane image size is equal to the ratio of the magnification, or 

the ratio of the effective distances.    Hence, 

di * JL'.. (7) 
L # 

From (6),  (7) and (5), we gat 

iL - lire'* 4- **• f' >*.* «A* -h.r . m 

».._     ,,, „_   ...... r>(, . .-   —.,   —    ..,,...,    _..     ...,    •-..- .,-s.   .„    —    ^-,    _..,»     -..,    _ — _ 

profile| or 

£c , >rr | u*J e "jf ^ ^_T j^ /,.      (9) 

The next stop in the method is to evaluate the properties of the col- 

limator, represented by terras/^ and "^.x*      £\ T *•* already known as 

mentioned above, from published values.^0    p\,  the spectral Attenuation 
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comes from Naval Research Laboratory data already described.^    All the other 

terms are known* 

In ord«r to evaluate J\  we used a special slit,    The upper half of 

this slit, as shown In Figure lb, had eight stops whoss widths varied 

logarithmically.    The lower half was a mirror eurfac»».    Light from the 

upper half of the slit formed a collimated beam.   A flat mirror placed in 

this beam, as shown in Figure la, reflected part of the coiliaated bean 

back into the eolllmator, and formed an ima^e of the upper half of the slit 

on the mirror surface of the lower half of the slit.    Light from this issage 

then returned to the collioator mirror.    Kenee a portion of the beam ^aisrc 

ing from  the collimator contained light from both the upper half of the 

slit and its image on the lower half.    Only  this portion of the beam was 

allowed to strike the grating*    The Image on the film consisted of too 

ooparate continuous spectra with the intensity varying in steps normal to 

the dispersion.    One of the spectra was formed by th=s imago of the slit 

which had teen reflected from thres surfaoee in the collimator.   The other 

spectrum was formed by the image of the slit which had b**m reflected tv<m. 

nine surfaces in the collimator.    The range of intensities is puch thai tiie 

intensities in the two images overlap.   At points of equal density, at the 

same wavelength*  the intensities are the same in the too imapes.    The 

intensity which produces this density is proportional to   ^i^* » whure 

n is the number of reflecting surfaces and W$ is the width of the fillt.    if 

we denote the multiply reflected iiaage by primes, we have 

Ms rA - w A (10) 
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or 

/?• (&f M*A (U) 

thus giving u» the desired evaluation of f\ • 

It should be noted that this method assumes that the two reflections 

occurring at the flat mirror in the colligated beam and the mirror surface 

on tha Blit are equivalent to two raflection* from the focusing mirror in 

the light house,    all of the reflecting surfaces wore coatad with tha «acw> 

material at the same ti>»».    any differences in the reflection coefficients 

should be due to contamination of the surfices and we believe that such 

differences were negligibly mall. 

lb evaluate   7\,x w* compared the exposures from tha step slit with 

exposures from the wedge-covered straight slit.    The exposure times and 

lamp temperatures ware  the nama.    froa  the image of tha step slit we plotted 

a curve of density vs* 10j< HBt ««>  >-»jm\ in figure 2b»    The lower half of this 

curve was obtained from a set of a*poa«r«B takan with * smaller aperture in 

tit* ccllimated beam.    Tfta middle portion of the curve was obtained from the 

multiply-reflected i.a»age with the largs aperture.    The densities in the 

aultiply-reflacted image were plotted at a point on the abscissa corre- 

sponding to log W8 • 6 logfy    From tha ima^e of the straldit slit and 

wedge, we plotted a curve of density vs. the distance, x, from the and of 

the slit, as shown in Figure 2a.    at points of equal density on the two 

curves, the intensities are equal.    The intensity in the image of the step 

silt is proportional to WB, and the intensity in the image of the straight 

slit and wedge hae tho sam» proportionality to w8'7\ x.    Henoe, 
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w8 is a constant. At a point on the wedge a distance x from the end 

of the slit the density can be read from the curve in Figure 2a* At ths 

same density on the curve in Figure 2b the value of Wa ie determined. Both 

curves have been plotted at each wavelength where values of f\  and 7^ x 

wort* desired. Each curve ie bused on the average densities measured on 

five separate exposures which were supposed to be identical, but which show 

slight variations due to various photographic defects. 

We have now reduced J\ and 7\,x to known measurable quantities. The 

values of p\, f\ and '>x x and the optical constants of the lamp for the 

wavelengths X390O, X3&X). X3?00, X36QO, and X3500 are tabulated in Table 1 

in the Appendix. The values of log(^J»>•#(*****5^ H f£ **A,X Cyr J*,ij 

and the densitiee*for values of X and x, on the two sets of 0.3 second 

standard exposures are tabulated in Tables 2 and 3 in the Appendix. Each 

density recorded is again the average of the densities from five separate 

cuq^ocures* The values of x marked with a prime in Tables 2 end 3 refer to 

exposures taken with a filament current of 30 amps. The unprimed values 

are for eXpudui^B with a filament current of 36 asps; the higher current 

being used to obtain more light* 

we now have all necessary information to draw an absolute character- 

istic ourve for our film at any desired wavelength for the 0*3 second ex- 

posures. We dc this by simply plotting the measured densities for any 

*   All densities used in this report aro American Standard diffuse densities 
unless otherwise specified* 
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given X and x against tha calculated value of log (~r~ j      given In the 

table** 

From this characteristic curve, thus, if we enter measured chromo- 

spheric or coronal densities at any given wavelength we can read directly 

the corresponding absolute intensity par unit wavelength.   By integration 

we can obtain the desired total line intensities from asaeured line 

profiles* 

If these characteristic curves accurately represented our eclipse 

filiii* the eclipse photometry would simply represent application of this 

technique.    However,  the main labor of our photometric problma was to 

obtain from less direct information characteristic curves that did 

represent the eclipse films. 

We encountered some perplexing difficulties as a result of comparison 

of the two different lamp intensities corresponding to the different lamp 

currents used.    In the 0.3 second exposures two different currents.. 30 and 

36 ampsj were used.    Tha 30 amp exposure gives the lower part of the 

ch&r%ot*>ristic curve and the 36 amp the upper part.    In the two sets of 

exposures there is a p?od overlapping of the densities in the straight 

line portions of the characteristic curves*   The observed difference be- 

tween the values of log (2~~ ) at equal densities on the two sets of 
\ dX/ 

exposures does not agree with the difference that is calculated from the 

Planck function and the value of t\ T and T. In all oases the calcu- 

lated differences is greater than the observed difference* The amount of 

titis residual is entered in the last rows of Tables 2 and 3 in the Appendix. 

The values of log (• entered in the tables for the 36 amp exposures are 

the computed valuos minus one half of the residual) and the values for the 
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30 amp exposures are the computed values plus one-half of the residual*    The 

residuals seem to change with wavelength, in opposite directions in the tvo 

seta of standards, end the average values are different for the two sets. 

The changes with wavelength are too small to be considered significant, but 

the change between the average value for the tiro sets is significant* 

This same sort of trouble shows up when the 0*9 second and 2.? seconds 

exposure* are compared to the 0*3 second exposures.    The 2*9 second* ex- 

posures ware taken at 3D «*$> and the 0*9 second at 33 asapu.    The difference 

between the values of log/d&gjfor the 0.? second exposures and 0*3 second 

exposures is not the sane in the tvo sets of standards*    The difference is 

again of the order of 0.10 in log(^|.  The 2.9 seconds exposures in set 

B showed en obvious non-uniform illumination of the slit*   The discrepancies 

are too large to attribute to errors in the lamp constants*   The two In* 

dependent calibrations ot the leap gave consistent results and the current 

in the filament was controlled to • .01 saps.    The values of C^ T that have 

been reported10* ll» i2 show considerable variation in this wavelength 

range but not nearly enough to explain the differences*    The fact that tne 

two sets of exposure* show the same trends in the 0*3 second exposures but 

opposite trends in the comparison of the 0*3 seoond to the 0.9 second ex.- 

posuree also ar£!i«ee against the suggestion that the constants are the source 

of trouble* 

The only other possibility is a non-uniform illumination of the slit* 

There is one obvious c&se of this and there is a chance that it is the cause 

of all the discrepancies*   When the current in the filament changes, the fila- 

ment expands or contracts* and,in doing so. it changes its position.    It 

is possible that these changes are enough to cause significant changes in 
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the position of the image of the filamant. The silt was nearly *e wide as 

the filament* and a email motion of the image could be quits series** The 

image may also have been moved by mechanical disturbances. In order to 

change the exposure times it was necessary to remove the housing that held 

the lamp and the focusing mirror* After each change) the position of the 

filament image m the slit was checked before the final adjustments were 

made* The one obvious case of non~unlformly illuminated slit, however* 

leaves this as a strong possibility* The results of these discrepancies 

are that the absolute intensity scale is uncertain to • 0*10 In the log of 

the intensity and that the relative intensities between the different ex~ 

posure times are unreliable. Fortunately, the image of the coronal 

continuum on the spectrograms offers a means of getting the relative in- 

tensities betxreen the various exposures* so this trouble is not serious. 

D> Method of Determining Characteristic Curves by Use 
of the Coronal Continuum and the Data Panel Wedge 

as pointed out earlier* we consider the chape of the characteristic 

curves obtained from the above standards to be no more than a first approxi- 

mation to the true CTvea of the eclipse films* and* indeed, the two sets 

show curves of slightly different shape. The variations of the curves with 

wavslancth w« consider to be rolisbls, and thsy as? the Basis in the two 

sets. The absolute intensity scale at the middle of the straight line 

portion of the curves should be reliable to • 0.10 in the log of the 

intensity. Fortunately* duo to the standardlting methods used at the 

eclipse* the shape of the true eclipse characteristic curve at one given 

wavelength can be determined entirely independently of the standard ex- 

posures of the above section* 
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If the data panel wedge on the ultraviolet speotrograms bad ba«n usable* 

this approaoh would have bean straightforward*    Slnoe no ultraviolet wedgaa 

were uaablei th« approaoh waa indirect} we used one of the two available 

alternatives for building up the charaoterietio curves* 

One procedure ia to consider each pair of corresponding point* la the 

two images (one strong and one weak) of each spectrograai as a wedge of t»o 

stops*,   This Multitude of wedge* can than be combined to give the equivalent 

of a wedge with many steps.    Thia procedure ie complicated by the irregular 

operation of the ehuttere, the large ratio of intensities between the two 

Images, and the superposition of the coronal continuum frota the primx? 

image on the secondary image*    These complications make the determination 

of the charaot$rietic ourtre by this method very difficult and laborious* 

The other alternative is to use the data panel wedge on the visible 

spectrograms to determine the charaoterietlQ curve at one wavelength for 

the visible film* and then to use this curve to construct the curves for the 

ultraviolet films*   This procedure ia not nearly so impossible as it might 

seesu   The   pectral region XX &LO0~3?0O ia comaon to both visible and 

ultraviolet spec tar#gr*m©j and the transniasion range of ih* filter uaed in 

the formation of the is&g* of the step wedgs wan XX 52QO-U700.   The wedge 

then giv** a eharaet^rl stie curve aeouraia in the vicinity of Xu°OQ.   »« 

can use thin curve to detemine the relative peak intensities of several 

linee near thia wavelength on a given visible spectrogram.   These same 

lines on the ultraviolet spectrogram exposed at the same time then serve 

as a step wedge from which Hie charaoterietio curve at Xl»9Q0 on the ultra- 

violet spectrograms can be obtained*   The xmndom errors would be large* 

but there are enough pairs of opsotrograma and enough lines to average out 
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these errors safnly* 

Another aothod of transforming this characteristic curve for the 

visible spectrograms into the characteristic curves for the ultraviolet 

spectrograms was suggested by Dr* Evans.    The coronal continuum bordering 

the darker image of the speotrua is an outstanding feature of both the 

ultraviolet and visible spectrograms*   Th« importance of ttiis continue* was 

not fully realised in the design of data panel system* and* as s wrOtH 

the step wedge and meat of the clock Images in the ultraviolet were 

ccopletely useless*   At first sight it appeared that the continuum had 

almost completely- destroyed any hope ^>f getting an accurate character!etie 

curve for the ultraviolet spectrogram*«   Further consideration, however* 

showed that the continuum is extremely valuable* both as a means of getting 

the characteristic curves* and as a means of comparing intensities in the 

different exposures* 

Bach monochromatic image of the eclipsed sun wotild shew as a ring of 

light* looking something like the image of the green* >5303# corona on the 

vislbla spectrogram in plate 2-    wh«n these images are dispersed* along 

toe line of contact* each point in the spectrogram receives light from all 

of the overlapping images*   Along the line of contact the dispersion is 

normal to the sun's limb, and the effect of the overlapping images i« 

relatively small.   At points on the moon's limb + £0° from the line of 

contact the dispersion is parallel to the limb.    In this case the effect 

of the overlapping images is pronounced*    Itse net result is an intensity 

distribution in the continuum normal to the dispersion similar to that 

shown in Figure 3«    The intensities inside the moon's diameter change during 

the eclipse*  reaching a minimum near the middle of totality* 
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Outside of the moon** diaj&eter tht intensities are independent of ths 

position of the soon, and during the short time of the oolipse they should 

bs constant.   The feet that this source is constant throughout the eclipse, 

and that It is s continuous spectrum of known spectral character* as daa- 

cribsd below, rsndors it s suitable standard by mean* of which wc oan 

transpose the characteristic curve at \h900.to any desired wavelength* 

Sxxtsfi ths lias of dispersion Is along the 11ns of contacts*  th? *axi~ 

mux st the edge of the moon is the same distance fro* ths center of the mm 

In all of ths spectrograms* and it oan be used as s convenient reference 

point»    Sft* intensity at * given point in *he jjssgs of the apeefcrcgrsa I* 

the suw of the intensities from the overlapping JbE*ge»»    The laterssiisy 

eontributed at sasa wavelength is the integral of the monochroftttle ist*a 

eity along the line of eight at a point in tha image of ths corona which is 

represented by the point on the spectrogram.   Since thia p«U»v on the spec- 

trogram Is at a different position relative to each wavelength* each w&**~ 

leagth is repreeentod by a different region of the corona*   The complex 

nature of this imags does not seriously limit its usefulness, however* 

The intensity ev any point in this image of the continuum dependa only 

on the intensity distribution in the corona and the dispersion of tha 

pectrograph*   Both theory^ and observation-^ indicate that the coronal 

continuum is, except for absorption lines* a reproduction of tha photo* 

spheric continuum.   In the Inner corona it arises from scattering by free 

electrons, and in the outer corona it arises from scattering and diffraction 

by larger dust particles.    Regardless of its origin* however* the observa- 

tions indicate that the continuum is the same color at all heights*   This* 

of course* Implies that the continuum intensity is Use same function or 
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wavelength at all points In the corona.    If this 1« true, than the ratio of 

the Intensities at two points at a given wavelength in the image of the 

corona As the s&se *a the ratio of intensities for two points at the sa*e 

heights froai th* edge of the moon at any other wavelength, regardless of 

the dispersion of the spectrograph.   If the intensities in thi» lamge of 

the corona nan be Measured at one wavelength on aisy »pectrogra», then the 

image can be used as a continuous wedge fro* which part of the character- 

istic curve can be obtained at an/ wavelength on any of the sp@6trograne 

sher* the-inage is dark enough to be of use* 

In particular* »g can use the characteristic curve obtained froa th% 

data panel wedge oa the visible spectrograms to neaeure the. relative in- 

tensities as a function or toe ..distance frees the nax&mum in the i**g* of 

the corona &t Uj^CO <?n the viable spedtrcgrassa*   These relative intensities 

can then bs uwd +« plot the oh*?*aterl0iaQ curves for the ultraviolet 

spectrograms at any dsaired wavelength froa »i«pftdetigit0*etcf trgsSjftgf b£ 

the c«it5»:,4«Ksl that war©length. 

the image of Use atap wedge in the data panel on the visible apeatro- 

grasiS is in the outer edge of the coronal continues.   The Intensity 4o the 

iaage of the corona i» negligibly small cottpared to the intensity frcm the 

bish transmission end of the wedes. but on the low trftnsau.aaton end of the 

wedge it Is a large percentage of the total intensity.    In order to get an 

accurate characteristic curve froa this image of the wedge the contribution 

of the oonUnuu* Must be evaluated.    It is possible to do this by comparing 

the images of the wedge in any two of the 0.3 second, 0.6 second, Q.9 

second and 2.9 seconds exposures.    The total intensity of the light at a 

given step in the wedge Is 
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vh~Ts 1Q 1? th* intoneitgr of th* light Ulttslnstlng th* stop w*d«s,   /   is 

the gr*«n af-saulsr dsnsitjr of th* tt*p Mid I0 is tha lntsnsltgr of th* 

iiv--oUnuisB:    For »n iMge witfc * diffsrsnt *xpo*ur* tim th* ju^st* dansitgr 

vili bs feu**! it * diffsrsnt stop*   This density is p«4w»<ed by «a 

IS w* Xst a represent the ratio of the exposure tlsns oo2T*ct«d for ihs 

F*Gipsi*5iv f*ilur«»  thoa 

Solriae the** ihros equations for *> wo get 

Q    m    ^mumtMm"-o J3&»"    * (1$) 

Squttion (1$) Otta bs written for snv <i*nKitgr which is in th« rang* covered 

bybotfe exposure*.   If ws choose s second point,, then, 

Fro* (IS) sad (16), w* got 

f -      Hil^ II  IT        '   "~    "'-IH     iMtmtLL... . HII"     I-     !-->•"" a?) 

His vsXtt* or *£ is quit* •«*«!**; ** sii'srs i& 4h* quentl u «s 
. -,. *o 

( /»-•#., /****), but it esn be determined for * Isrge nuwber of points 
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mA the average value used*   Equation (1?) aesiaaes that Ic it constant 

throughout the l^agth of th* wedge.   Meaeiurenente of the eootissuue at the 

two ouo* of the wsigs show that this in Tory nearly »o.   a^uatlix <1?) also 

a* ,vmsB that *£_ i" *** ***** on all epeotrogreee.   The leap current wsa 

accurately ©oatsrollad* &*» therefore* Xa ife cesaidar** eonetaat.   Xt **# 

poiatad out above that IQ la also constant* 

Figure k iHuatretee the aethed of ooaputiag ,*&.   The diffuse denei- 

ties In the et*pe of two of the fcaages of s&« wedge with different exposure 

time am pletwa against the groan specular dsnsiUa* of the* steps on tfca 

original wedge*   it fero pairs of points of aqual density on th* two OUSTS* 

tht valuea of 10"*, Kr*7# 1CT *  and 1<T^* oan b# road, and & ecaputed 

fro* aquation (X?)     iha average value of Ic obtained fr*w 1$ datemtaationa, 

la 0.036 * 0.001.   In calculating xc we used pairs of point* which covered 

both largo and aaall differences in density,   w* obtained the final curve 

b/ plotting tba diffuaa densities of the atapa la the wedge tsage as ordi- 

nal** end log (10** * * «£) ae abscissae.   Tna plots frow tho diffarant **~ 

posurea ara ooabined into a single curve*   The dat* for this sur*s are la 

tebio a in tho Appendix. 

Mtten the curves fro* tha different exposure tlaee are combined, the 

overlapping portions agree very well'.    This would not be the ease if the 

value of }ji wae in error by any significant aaouat because the overlapping 

part of the curve £rm the shorter exposure is independent of z£, and the 

overlapping part fre» tho longer exposures is very sensitive to the value 

lilerodensitoflttter traoings ware nada of the coronal continues at 

Xl^OO on seven of the visible spectrograae which showed no signs of blurring 
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or fogging*   The relative inteneltlea obtained fro* theae traoinge lad the 

vialbla characteristic curve are entered in Table 5 in the Appendix.   The 

valuea for the eeven epeotrograjui were averaged, and the averages plotted 

against height.    Th» average value va* then given MiU corrections to wake 

tho points follow * enooth curve*   Both the avaragea and the *»oothed 

averages «P* in Table 5* 

Th** individual intensities for each pair of height* obtained /row tha 

epeotm*s*** do not anew eigniXlcantlr Sane departure* frc» tha «sar„    The 

eoatfcar i* wall within tha Xiavite of tha •Moraicy of photo graphic photo* ~ 

aatiy*   The relative inteeeiUe* on tha apaotrop*** of different expoaure 

Uavaa are baaed oa different .vsgions of tha visible aharaetaristic curve* 

and, in fact, include aU of tiw curve up to deoeitar of i,85»   The faot 

that the value* are relatively araatant throughout the whole range of **»- 

poeura* iadioataa that the visible oharaotariatie curve ia not signifi- 

cantly in error. 

Uicrodsasitowetsr tracings of the coronal continues en the ultraviolet 

spectrograms ware amda at VJ900* \3800, \3700, XJ600, and \3,«&0,   X3700 waa 

traced on all of the apectrogmss, and tha others on three apeetrograa*. 

Tha danaitiaa obtained fro* tbaaa tracings ara tabulated in table 6 in the 

Appendix.   The Usages of the moon on the ultraviolet and visible spactro- 

grwsa &re-the ease ei**? and the raiauv* intensities ftesaurad in tha 

vieible appty to point* the san* distance fro* the edge of the noon in the 

ultraviolet contlnuvn*   the band of oontinuuas between the two images of tha 

spec truss waa used on both the visible and ultraviolet plates*    The oontinuw* 

on the opposite liab of the eun waa avoided beoauee the atandard expoeuree 

showed avidenoe of vignetting near the edgee of the fila gate in the 
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ultnrrioltt oaeere*   The oontimnw batwean tha two iaagee It In the essfttar 

of ih» expomur* where it it free froe try danger of vignet^isg, #ad late 

apt to be effected by Ir^gular *utt« Mtton.   the oontinuua rrt» tea 

portion of the eeoondary axpomnw* inaide of the soon?a dlasater it added 

to tola oentimtua*   However, the lnteneity in the aaeondary expoeure la 

only about 1£ of the intenaity in tba primxf eaqpoauret tiaoa only relative 

inten*itiea am ueed, it largely oancela anyway*   fae cortUimas la H» oufe- 

eide adta of the eeoondary eapoeurea ia below the tbreehold eenaltivity of 

tba filae. 

Tba station of tba cursres from tba varioue apsotrograjea are eeebiaed 

into a eingle curve at eaoh *avalengtta by abif tin? tha aurvae at oonatant 

dantitg- until thay overlap*   Tba treoinge at \3k£> and %3$$D ware ueed to 

aid in drawing the tea of tba curvet.   Tba hi«h*et daneiUet in tba oeniAsuu* 

ara about 2*b5«   tbt atrong ehromoepberio liaee on tha prinafy iaa#» exceed 

thie denaity*   la ordar to extend tha upper and of tba qurvea we eeaaured 

tbt relative interval tiee at tba peake of eeveral of tba Saiaer llnee* fro* 

elaredeaeltoaate? tracing* of tba eeeendaty ieegee on ik* sptetev&mB and 

the previouely detenatned portion of tbt ultraviolet eharaotariat&e curvet 

at tha mm *avei«ttgtt5e«   fa than plot tod tba dentitlaa of tba paaka of tbt 

MUS9 UsmB st tfce Sim point OS ihs Hat in the priatfry Huge »«ii»at tha 

lcgaritha of tba relative iatenaitlee obtained fro* tba eeoondary inege* 

Thia portion of tha our** w»e then ahiftad at oonatant denaity until It 

joined tba other curve*   &* two section* of tba curve joined a*ootbly»   li 

tha previouely datamined portion of tha ourva wee of tba wrong ahape* the 

two aaetlona would not have had the earn alopa where they joined, and ti«ay 

would not bate joined eaoothly.   The data for tha top of tha X3700 curve 
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are rtiotm In Tabi« ? In the Appendix*   The top of tfc* \#O0 end X380O curve- 

were assumed to be parallel to the X3700 eitvvo*   Actually* this portly of 

the curves wee sot needed, because the stronger liaee were also recorded in 

the secondary ineges* 

Figure 5 la e plot of the eharaeterlstlo ourves obtained et five **?»» 

lengt&a in the coronal oontinuun*   xo avoid confusion only the points- for 

the \3700 curve have oeen plotted*   The relative positions on the log 

scale have been oetamined fro* the standard exposuree* 

In figure 6 the two aeta of standards and the ooronel continues* ourvon 

at V3700 are conpared.   The differenoea between eeta A and 1 indicated the 

extend of our failure to duplicate condition* on two relatively oloee 

occasion* at Boulder, and suggested that our chances of duplicating the 

conditions at Xh&rtota were not very good*   Keverthelees, except for the 

Turn density end of the curves, the general agrees»nt was exceptionally 

good*   there easz&t be much doubt about the ahape of the ourvea above a 

4#mivf~&i !?ci $82 *Aey all anew the sane chang** i» sbspe with wevalength* 

the only region where the curves f ron the cor«R*l am%&mw required an 

additional eo!»fire*tlon was below deneitiee of Q.$. 

Fortunately, thie wae not hard to do* Xt hoe already been pointed out 

that fthan the low density ead or these curve* was used to construct the 

high density and of the curves fros the i*o i»ag*8 of the spectrum a very 

good fit was obtained* If, on the other hand* we did the sane thing with 

the characteristic curve froa the standard exposures stads in Boulder* the 

upper end of the ourve Obtained was such too eteap to join the previously 

determined lower end. As soon as the Boulder standards were ocnpleted we 

suspected sane such trouble because the clear ills densities on the eclipse 
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fHfti is un«qpc»«d region* wee 0«?3i wtsoroaa tho ^Issr fi3* deaeltlee in the 

feouldar etandarde *a» only 0*lii*   The #»a# reaalte were found la the visible 

ij^ctrograae*   IMe in a larger difference Ifcsa 053* weald espesi front pro- 

oeMing alone, and there 1* a* evidenee la fcfe* epeeiropieses of enottgft eoafc- 

tered light to eauee it.   It say peraape have reeulted fros diXfereaeee la 

to* phveieal oonditisne of the file at, the two UMI or fro* eew tort of 

oheadeel fogging*   la any e?«at» tat too of the curves froa the Moulder 

standard expeaaraa wan wioh too le», aod thm ciuw?« fra* the coronal 

eoatlmttat aeess to be approaching iwywtoUoally to a value ve*> close to 

the oeXipaa clear flJa value of 0*2tJ*   Author argument euppsreing too 

validitf of the tee of the oarvee froa the coronal eeaUauiai is that the 

aethod uaed to ooaatroet the eurvee requirea that if tho too poaeeeeed too 

low a elope* 00 alao would tho stmlgbfc line portion*   However tho straight 

line portion afrood v#xy wall with that da tomined ia too Boulder etandarde* 

the abeolute intensity scale for the characteristic oarvee obtained 

froa the coronal continuum was detetsdned by saichiag tho atrai^st lin« por- 

tion of tho aft eurwse with tho straight Xia* portion of tho standard Boulder 

exposures derived aa deacrlbed ia tho previous section.   Since the processing 

and exposing condition* were well controlled* tola aatoning of tho curvea 

should not have introduced any elsnificsBt errors*   flae curves plotted ia 

figure $ include corrections for atacsphsrio absorption* differential fi3» 

sensitivity? and difforaatial reflectivity froa tho airror surfaces* 

the characteristic curve* th' 0 derived are ascaeUy ooaparahle with 

those we would hate obtaiaed if tN" etuidardlaatloa process had operated aa 

initially intended.   WO believe that these curves are lolly aa raliahlo *» 

any we might have obtaiaed by the store direct method* had it succeeded* 
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I*.    TtBUWOfM OF WTESSmEB 

The densities in th« primry Ijoagss of UJ* ultraviolet gfsotr* range 

fro» 1*2 to 3*0«   In ths second* ry inag* th* densities range fress 0*26 t^ 

3.0.   The filas ohax^cteristAes are auch that the photoaotanr la readonably 

reliable up to dansifclae of about 2*8*   Ncsie of the ecsjass. ecasssrcial KXQT^ 

densi tracts** sill girs as *ccar*t* awaaure of such high dsn&lti** with * 

reasonable •lit site' aad speed*   The ^c-rophotoeeter «**ieh hac c««n built 

for tide purpose i>t the Kf#s altlfeide CfcfNsrvatoirj? will do this in * very 

•4ti.sf?cto»7 nanner. bat it was neeeseaxy for u to do part of the reduction 

work before this inetraeent •*&* ecaqplated*    fe® CSO/ other iastrtseent t&ioh* 

to our Imowledge, will gi^e satisfactory Isracings of these very dense 

speetrogreas la the adoredtensitoesetor at tht McBlath-Hulbert Obserwttoxy. 

Through tht generous cooperation of Br« McUath and the staff of the MoJktb- 

Hulfecrt Observatory this instrument, was sags available to us for our work* 

All of tha results described in this report war* obtained fro* tha tracings 

•ado at tha UoMath-HuObart Observatory. 

Tha spaotrograas war© traced with a rectangular slit 2£^*>y 22$*^ 

With this sis* of alii ths jpp*i». structure in tha fill* is evident on the 

treeing*, bat not to the extent that it require® any appreoiable smoothing 

of the line profiles.   a longer slit could not be used bacaue* of the large 

irreguXarities in the noon's profile*   the Magnification betaesn the 

tracing*) and the apeetrograsts is l65x-   Sines the diepersion of the speetro* 

gran is "?•$ a°/*n, tha dispersion of the tracings is .01*5 a/mn or 1.15 a/ 

inch*   The slit width corresponds to 0*19 A» and the length of the slit 
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covers * strip of chromosphere 22,#>0 kn long or about l.p° of are on the 

liab. 

TBO points on tht eaet iiate at saoond contact were traced oc *22 of 

the ultrt'sriolat apectrograne.     The tracings extend from K39O0 to X3$QG. 

Shey incl»d« tht hydrogen Bal»*r lines fm Hg to Kte, «nd the Belmer 

continuum from 1361*7 to \3$00*   The two oolnts traced are marked "a" and 

*b» In plats 1.    point a 1» at a heUographlo position angle of 6p and 

point b *t 650»   This region of the sun'a ll»b showed no IUM of promt* 

»mw activity either during %h* aollpaa or firing th« days immediately 

f« I losing and preceding ths eclipse*   tbs rod and green eeronal llnas wars 

at a low intensity at thus position angles, bat there was a moderate maxi- 

mum in tha green Una at 75°* and * **&k naxliwaw in tht rad lina also at 

75°*   However, since theee regions were not Xa?ge, and the main center of 

tha coronal activity had passed tha sast llsb on* or two days prior to wxe 

eclipse, tha chromosphere at thsss position angles should be representative 

of the quiet chromosphere*   It would be desirable to have tracing* at at 

laast one othar point on the east liafc which is far enough removed frost tho 

othar points to baindependent of any looal paouliaritias that night b« 

prasant la tha chromosphere at thssa points*   this was not done at tha 

MoMeth-Hulbert Obnervatosy because tha slit in ths micredenettoneter could 

not ba rotated? and tha pointa near the liaa of contacts wars tha only ones 

whera tha slit was parallel to tha ehroaoephario crescents. 

Tha relative notion of tha noon projected on tha sun was 269 kms/sso 

along tha lina of contact*.   Both of tha points considered are so close to 

tha line of contacts that this value can ba used without correction*   During 

an exposure that lasted 0*3 second ths moon moved 108 Jot relative to the sun. 
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exposure NUMBER 

FIO. 7 CONTINUUM  INTENSITY 

Tha affactiv* halRht for aaeb axpoaura w*a «*«us»d to bo tha point r#«ob«4 

by tha noon'a llaeto at tha aiddU of tha axpoaura*    Tho baiihta ara ejeaaurad 

front ifta phetoaphario itab, which waa *!>t*>r«jU*d by plot tine; thee intsneity 

of the continuum at X3?00 for point b agalnat th* aoqpoaura nssfesr ss chess 

la Pigura 7*   Tbo point at which tha slop* of th* eur*a ohangae noet rapidly 

waa oonaidarad to correspond to tha liato a£ tha nun*   Tha point of saro 

height waa 9«i*et«Ki for point b «t axpoaura nunb«r 3.0*   This ahoold b* 

within * 20 km of the trua position of tha adga of the photoaphara*    Point 

a waa apparently at contact bafora any uaable expoeurea wara obtained.   Tha 

aoon profila pictures ahow an effeotive difference in tha average elevation 

of tha two points of about 700 km whan projected on tha ohrouoaphera.    Over 

tha langth of tha a lit tha axtrana variation* in tha moon profila project 
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as about 100 fca la th* e&^flsoaphere* The arareg* variations are anon less 

than thia, tout "Uv«or are ensugh to sake tbe effective difference of the taw 

potato uncertain to pefhape • ?$ tau 

Another awthod of dasarsaisdng tfe* difference *n Height feat*s**« point* 

$ asd Ui^j Caspars the intensities of Ine ohrc^spherio li^ee with large 

height gradients *t tat two points*    The CM band At X3883 ie convenient far 

this ocajsari*^.   The exposures oa which the band has the «ss» lnteasK? ** 

the two points are ^operated by gj£? lot.   A visual inapeeUss* of numerous 

weak lla^s at i&a two paints also pmi an average difference of 650 tea*   Th* 

©<Q fes value was adopted at the difference In tfe* effective height in the 

3hrcw?**phero for the two polnU on tits earns Sj*otrogrsau   fac heights as- 

signed to each spectropes *r« listed la Table 2. 

The nterodasaitcBeiter tracings were eonv«rted to lino itttewaitiea la 

tho follow!*^ fashion,   first, the adorodoasilMtt«ter tracings of the spectre-* 

grams were calibrated by tatting a stop «w%s of known deaelti*»> which was 

printed oa tho saras «*ulsion as the epoetrogrori*-   The 5*1 iteration* were 

made eeveral tines daring the traoing of each speotsmgra* so &at coisr#teieai 

sensitivity eattings could bo used in all regions of ths spectrum,   fas 

density in a lias profile was toad ww? ene-slsta of an inoh oa the 

tracing** wjr?  is oi«sr ttcrds, ft^ery 0^2 * in *h» spectrum*   The densities 

were converted %a intenaifcifrs by means of the characteristic' cvurve* of the 

preceding Motion, and srspxctted on a larger scale,   tin* profiles were then 

drawn as aaooth curves through 1hs points,, and the &re,m yndsr the cawn 

msasurcd with a plaaimeier*   The area under the curve* ga^e the value of 

the liae intensities as axprsased by equation (9).   However these line 

Intensities oust still be corrected for variations In exposure tine and 
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those OR the seoondarr opestra «ast be converted to the f eale of the priaaay 

•peetm by applieation of the ratio of intonaiiloo betwoett the fere*   71* 

seethed* for these corrections ere described belw. 

Wo attaaptod to smooth * few of th« o&wlouss defects in the flto* b«t 

»»de no atteapt to force the unblended profiles into «n@r tort of * pattero* 

Sisocpt for the obvious defect* and blende wilh ether line* th* iateneltle* 

*t each point are tekoa directly fro? tfce i&mKlenaitsaetar treeing** and 

tb* ch&raeterietic eurve «t that welt:««s.   Tie prefilsss wears draws to 

Ci«* th* boot emootto fit to thoo*   points*    So the eases where the Balassr 

line* *oro blended with other Xiao* kn suoh a woy that fch* two «••&-<?» not 

resolved, the intone ilgr glv*» was the tun of the intensities for tb« too 

Xlasc*   Tn the Seiner lines ^26^31* **** ** other Balner lines that ere 

dose to noo-Balner linea^ the wings of tho lino* are overlapped*   In ordor 

to separate these lines tho ooetiinun Intensity TO wavelength curve woo 

^rapoloted to include tho wavelengths of those line**   Tho 3.1 nee ware 

then eepsreted by eitendisg tho Individual prefixes of tho lines down to 

tho eactrepolatod osaUaiMes in m<M o way that that? HAT* tho «*&* ehapo so 

tho neighboring Balae? linss. and tftien addtd together will roprodsoo tho 

tracing*   tho bXending was aot serious enough that tho peako of tho 'llnea 

have boon affected, and th* Xiao intone! t&as ofc%«i»ed ,i« this w«y are e»»~ 

sistent with tho intensities of tho rest of tho lines in the *ori*s«   Sasas 

of tho aorioa lines beyond H« osn bo identified.   Wo havo net nod*.a 

systematic otteapt to identify thoso linos* but a tentative identification 

ahowo that 83$ in definitely discernible on sons speatrograts;, &r*d 83* If 

quite protabl*e   All of tho series lines boyond hyi are too badly af footed 

by blends, and roliablo intonaitioi are impossible* 
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Probable errors In the relative inteneitlee obtained may be eati-sassd 

by exjusintng aaofc of the fir* basic etepe i« the prooeee of their datami- 

nation.   These five- etapa are tha following* (1) ghobogrspMtig th« spectre*} 

(2) Measuring the densities «m tha epsotrograrasj (3) converting the densi- 

ties to intanaitiet through the flh#r*eterl«tio ouweej (it) drawing the in- 

tensity profiles; and (5) Measuring tht erase under th« profiles..-   Tfesy* 

*r» rendo* errors in all of these steps, but» the only likely eyataaatio 

errors am Mused by errors in the charaafcaristie earni.   The rendoa 

errors in th* individual step® aw herd to evaluate, but, at least In this 

case, tha errors £vm tha last tiaras etepe are SMSXI oospired to those fro* 

tha first two steps*   The Most serious random errors *m mumd by iishaeio* 

geneitiee in tha eiaulaion and other defeats in tha spectrograms*   The total 

random error introduced by tha last four ataps can be »v&iuated by repaati&g 
';•• •    - , ... 

all of tha prooasaaa several times for a girajs line* or two or thraa tinea 

for several line*.   In making tha tracings thare were many curves where tha 

same Una on a given spectrogram was traced tan or three time* on different 

occasions*   Of % such cases, tha mw&swai difference in tha log of tha in- 

tensity was 0.06, and tha probable error *-aa * 0*02? in th* log of th* in* 

tanaitfi   Moat of thia arror is in tha »icrod«n«ifco»*fe«r twining, and tha 

biggest share of it cornea from esa&H differences in th* position of tha 

alit on tha spectrogram- 

Besides tha random errora in tha apectrograas caused by defects in th» 

(Ksuiedon, there are random errors caused by defective shutter action and 

other instrumental difficulties*   Tha defective shutter motion doea not 

cause random errors in the relative intensities at one point on the limb in 

a given ipaotroeram.   However, whan the intanaitiaa at two points on the 
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lim> or lit the MUM point on the liab in different epeetrogr«Bef are oo»~ 

parad the defective ehutter action can cause ia*s* errors*   Fortunately* 

these errore can too evaluated and corrected.   The clooke in the data panel 

i*tg« wire placed there in est&oipatlon ef correcting errors froa thin 

source*   9tt> obeouring of aest of thea* ie*B** by «*e coronal eontinum 

seet*»d» *t first, to present an iaauroovntsble barrier to *ny sttespi te> 

evaluate the** errore*   Ones again* Iwarevor* the corona bed sjeraly r«&- 

stitutsd something better* 

Ac ««• pointed out sarlier,. th» laage of the corona Ordering the dark 

laage in the apeotrograats le trm a source of oonetent intensity.   Xfe» 

density at a fixed point in this imife is* then, a weamwo of the total 

es#o*ure at that point.   Xf we aaaue* that the exposure it«e for thie point 

in the oercw* hoc the um ratdo to the aspeeure tis»» at the tao points 

a and b in ell i^eotrcgrsxe* then wo can use the relative eapoour* in the 

is&ga of the oorone on men ^etrogras to eorract ail intensities to * 

etandard exposure*   th«re i» probably eoae variation In the ratio of the 

exposure tixee at tec points at die same wavelength in different apactro- 

grawj but thia variation was MS*JL1 ooeparsd to the variation in total 

espoeare UKCS*   The relative exposures were x*mw*<\ at foar point* in 

the tasge ©f the corona on all of the ^ectrogra***   in all cases the £e«r 

perlnte ahewed the umm relative eapeaure within the actsureey of the density 

raadinge.   the averages of the four esrrasiioria oeoesaayj to bring each of 

the expoeuree to a etandard 0.3 second expoaure <sre listed in Table 8 in 

the appendix, and it is iheae valuee that we uaed lo correct our coaputcd 

inieneities* 

To convert exposures to exposure ti^os, we uaed Sshwaraschild'a 
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reciprocity lar1* 

S - x/ (18) 

relating the total *spo««*re, 1» to the intensity X» and tfc* tftw* t*   3hU 

lear o«n b* used to ealeulAte feirl? accurate veluea for the e^eesura t&ft£*» 

£ hes bean detwrsilaed by eaeueing that the a.9 aeetnde **« the estreat 

axpeeure tint for eapoeare nueher 23, and that expos*?* softer e *** 0*30 

eeoonA *» thctm b^ tii«i cloeJw in the date panel*   %» sane Yalta* of r i* 

to calculate all of the expoeur* tlaea*   the calculated tinea cr? $ir*s i« 

colum sdx &f 'fable SiA^i Appendix*   She agreaeeni of these tsaaa tor 

the fi* eases wfc.ms &e elooke w&vsl£ fe*» reed wae very good* 

St should be noted that there la no tende&sgr far the tor^stion ta the 

Oe3 ecoend expoauree to change eyeteuaftleeUar with tt«.   4 email «yat«»tie 

anange would be ea«**d fcv> tno wetter io toe correction?, but 6 chenfc of 

•njp (dgnificence, a* ws*»ld ecour If the lsteneity In the iaage of the ee?©*» 

«ee changing significantly, during the eclipse* would be detestable.   8s~ 

poeare nueber 1£ should bwe been 0»? second* the clock* in the inf scared 

date panetl show *a «%itt$ux<*t of 0*68 second* and thee* la the visible show 

0<£8 ascend*    ?ft«y else ahc* # eoasplet*? cycle of 0.7 second* *<u* not 1*0 

*fioccd M It should here b*en*    thl£ perfonsance quirit is eo»ja.*t#iy 

Wieej^Oeitted. 

Xn owWr to relate the intensities of th* lino* in the secondary to 

the** In tho prlMx^ lea@stt« wo »u»t- lyoow -fcn» r«.tio» of tlv; tRt*r.»lU«» In 

th« tiro laRgo«i    Uafoiptunat*^, this r»Uo wa« not the »«r« for all «Kpo» 

eurot toeoniwo of the irregular operetion of the ekuttere*   The ratio oen be 

detexttined for each apeotrogras froM the Integrated inteneitiee of the linae 

in the two iaagee«   If« for a given epeotrograa, the log of the inteneitiee 
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tit tht Balaar lines are plotted againet the line number** the owes 

obtained fram the two iaaaee are eepaswted by «s» .leg of th» intensity 

ratio,   la Host ease* the two ourre* hare a ft* linos la oaoaon, and there 

was no diffioolty in Joining the two ourves*   tfh* values obtaiaoo in ibi* 

way are entered An the i*«t two eolursift of Ts&ia 8 la the Appendix*   In ell 

•xsept tbrs* setae th* values m>>* within • 0,10 of the *v»^g» value of 

2*10.   the values for tho two point* «n the ilsfe showed elight diffcreases* 

Stoat of \hx* vu undoubtedly due W errora in s*tohinf the curve**   Ste 

bo»t say to apply WO»« eorreeuODS to Use lino intsscitia* is s*s*e*Jt&t «*• 

certain*   the procedure which we followed i# to oorreot all of tho eleejsdtery 

S»f» intontititt V tho *v«r»«e value of ?.J0 ploe 4*t««S»5/ of th« >o«t- 

dual, «ad to correct tho sria&ry dark image intensities i*y s&nttn one-half 

of tho residual, or, if all of tho lines ww Measured in the secondary 

Swg* th* sreroge correction was used. 

&£<** thee* corrections osro aade the log of tho intensity of **«sJi 

line *** plotted against tho height at **eh point on tho limb*   there were 

no apparent differoasa* shown by th* data from thw-ima points o& tbs Aiab. 

X« each caooj however* there #*r* deviou* irroguXaritiwe in the intensities 

on a few of the epootrograne*   these irregularities sha^d up in all the 

lias* on a given 6j^»«irogr«H*   in the oa«oD of exposure numbers &V 9» and 

131 tho intonsitios in tho primary image were too low and those in tho 

secondary image too high*   In the oaeee of exposures 12 and lb* the reverse 

was true*   This was quits obviously eauaed by an inoorreot application of 

the correction for the intensity ratio*   In ell of these oases* if all or 

most of the rssidual* rathsr than simply half of the residual*, wee used to 

correct tho intonaitlea in the primary imago, the data were nore consistent*. 
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and in these eases the full reaidtaals bare barn  -*fd to emeetii the date* 

There is further evidence that the rcfidWdEt wiry* aaiajy §&%»sd Sy th# 

primary ia*£*»    1? all of the intensities in the eeeasidery iesges s«^ 

corrected fcy the **»r&$# •alu* of 2*i0» the lias iatwnsltiae fres* the 

secondary image* «h«**d a emscth c»si*ir» with very little aofttt*r8 whereas 

the intensities in the prime*? &*ag«e shewed systematic errors si ail*r W 

the residuals*   The esses in which the ftail roeidual was used to correct 

th* prias**y image intensities were the ones whioh shewed the most serious 

systematic errors* 

In order to hsip reduce the unemrtaiaties caused "fey the mn^sssa error* 

regaining in the data, tilt intensities from the t#o points on the *iM> warm 

cotsbineaU   This, in effect* doubled the nasfeer of cb ear-ration*.   It I* true* 

of eeurss* that the -random ftrr^ra were not ftU independent in this ease« 

The errors whieh resulted from defective stoutter aotism w«r» very nearly 

th« aafctc at the two points on the limt>» hut th* two points war* at consider- 

ably different heights in the chromosphere* end when the data were plotted 

these errors therefore appeared st different heights * 

the log of the corrected integrated line intensities in ergs/see tre 

tsbttlsted in Sshle 2»   15s* emission was sssnsed to he uniform in ell 

directions* end was integrated over a slice 02 chromosphere bounded by trro 

parallel planes 1 em apart which are in the line of sight and perpendicular 

to the moon's limb, and a third plane in the line of sight which is tangent 

to the noon's limb.   These data are plotted in Figure 8*   The scatter In 

the data resulted from random errors from all sources, including incorrect 

application of the correction for the intensity ratio in the two images* 

The scatter was appreciablef hut the observations were numerous enough that 
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448 18.00 4o *11 llao latoMltiM to 8*4 lef^O of tb* iat«|t£w4»4 *ed*eios itt 
tbo lino 18 Mf t/a«o froa c ill«e of ohrcs9o»pfc«f* Mu4«£ li? t«e ]a»U*l 
pl*n»* 1 «• tptrt «hl«6 11* la the 11»« of «iga«, «bd *«•* yovprtiHftuSAr to 
4ht fua'i llftb| to* • tMrt pl*a# t#aj«. 40 «i* wa'o llnb «aoag tae U«« 
of ilgbt.   Tbo atlMioB It I»MM4 4O bo lso4rex)i9. 

Ybooo OOB41a«Wi lft4«»oitiot or« logiQ of tan totel lat«a«i+-y is. *h» oohtUai* 
fMi *U SMi*cw la orgo/aooAuftlt froquaao/. ~ 

i"!jeaa QoattMUM Jasea^Uiso »r« log^> of th* '•••«»-bouB(i Maldtloa in the BkltMW 
'fortUR'a5i itie« w* jfo« 4wii»tica)« 

All vaUiett boltf 4ao •oll4.11ao or* w^eur**^ la th» ppjwotv ja*««t tvio«« above 
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thera er*> no significant uneertaintiea la the ourree.   Hon* of the corrections 

•auss«5* earsept tssea for the long exposure iiaaa of exposures 19* §2* «nd 23* 

&Xt#*f%*i tha .wsapes of the sunrss.   Indeed, when the d&tft were plotted id thee* 

eomciieaa at ill they still elearJy defftne the «NSBI« curres that «y* shown 

i» Flg«r» 6# 

Tns intensities at fwr watelsngthe 1B the B«.'i##r continues md outside 

the *a?je*r oontlnuust at X370O ere also included in Table 2»   Do bare Mro« 

lated both the total observed contlnuus intensity frw ail »oux«oo» end the 

total intensities ainus the intensity «t U?0Q» eorrsctod espirioaiay for 

the changes in tho non»Balasr e-ontlnuuMi with wavelength*   Xh» rariatien of 

this Bo»«8*3jM>r ccntimn» with **?*X*»igifc woo detekwlned frae the iaage of 

the coronal eontimnat bordering the prisery i**g# of the epeeirua* 

The log eKlssion vc« height carves of which ssjapiee are given In Figure 

8 were drawn to giv*> an ewpirioal fit v> the data*   In all cases eaeapt %i* 

H^fjj and Hgo the data are fit by straight line* la th« higher lerela, but 

in the lower levels tha curves fx*tt«n out*   %h* discrepancies in %xv %>* 

and Mty are probably caused by the bland of BJQ with Ti XX*   The lange 

gradient of H^ in tha low chromosphere oonfims the r»*«!*» of Gillie and 

Jtonael2, that the ier<i«ed aetals have larger height gradients than ftgrdrogen 

5&ia esues affaot is reflected in *«he Wo neighboring lines by few over* 

lapping wings of flyj*   Hg *•* blended with Ha X and seams to wliiUi a height 

gradient a little aaollar than would he expected from tha gradients of tha 

neighboring lima*   This la alao consistent with the lower height gradients 

for He fsund by Clllite and ttensel*   In addition .to these blende, H2g, %e» 

W? %3**^ UftuXL ahbw the effeota of blending with nevtral and leni*od 

natal lines*    Theae effeota show up strongly il the Balmsr decrements* read 
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trm the ettsnraa in Figure 8 are plotted ai different lerele tn the low 

ehr«iB6»epNBr«*   the §*l»er dwrmnnU tern %h* d*t& in fafel* £ &Xee *h«w 

thM» dfttote* fettfe they are fcastl**' to r*e©&&i«e beeauM «f the wwdfiw ®rr*r* 

la the &**• 

9M> leg «*ia«i<m ^a* feoS^fet owrree show a siyetaSMttle 4eaffs**« is slap* 

£r«a the telgkar order to leweif ar4*r Uaee.   This d*ema# in elepe i» to* 

l*r|* to 1M &w to stadoK etreis 1A the data* mad, ee will oe ehovre. in part 

?»   it la *ery Bclikel? that it ii dw te ayaUaa-ti© error* la the p&>i6** 

aatigr*   Siitt difference la the el©$** seaae that the &«&eer doorwswwi i* 

i&creoel&f with height*   Share eeene te too aa teadenMp fw Us* heifgn 

grtadianta to appro*** a eauiim value*   la fast, iJItif tiw liaee aean to 

rcaaii their aaxiauB elope at fairl? lew level* in tha ettf-ofioepher*.   £&ia 

point will be diaeuaeed further in part VX* 

BHaawwaMawaaa twaww <>am>»< o»*>aaMM*iaMOaioitiaei*^w*»ft*a*»    ww i ayaiiapaawayaa^wiiajw 

•  1h* Sataer deareaent ia &*it**& «• l0*&n/£a# where n i* tha principal. 
quantum number of tha ^per leval of the traneition* 
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?«  oom&mM m anraiSCTXfcS WITH nusnaufi GB&RwerM* 

tha B&l»sr deoraaenia h**a b«*n MtannMl at pitvious #oli|**«« oy CilU* 

and 5fte?»a*3.2, tft*eta»ar«y,*6 *FUI Ei*©a and Kwtpnrapa*7*   Hiast «ba*yt*tl9a«i 

have all given aeoaiattttt rsanlta*   *ha raoat oowolata and m$% jraXla&U 

data a?* ttoaa of CiUie and M*si»al»   A ooapariaen ©f aw Ba&aar daeraunta 

with theism it abeam In tatol* 3*   Tha ramCLta of JCiaaa and Umftoew* are 

Uatad in tha iaai eolvnn of Table 3* bat tfca haitfit to widen thay *»S&f 1* 

w&*»n.   far th« faytleular m% of l&naa ohoaan, tha svav&ta ara all qaita 

aonaiatant*   In ajanaralf oar data ahw a largor 3a3aar daoreaant In tha 

hlfhet lamia*   Atoova 1§©0 ka« hcwavar* tha pravi^is© obaersatlona aya quita 

aparaa and no adsqutta ©oapariaon aan ba aada»   fliuf* and ltomal*c data 

ehov usm*.at*safely that tha Belaar daaraaaat la ineroaaing alth baitfit, hut 

not qalta aa faat as it la in cm* data* 

&**t a so* trie tod range in haS#nt9 k$ aa »xp*«ae the oboemrad aniaaloa 

in tna Bazaar Unas ac 

waara 8H and fa are g*n»;raltr dif Iterant for each Una.   Xt followi that 

and ft* can ha raadUy obUlnad from tha cur*** in Figura 3.   ?he vaiuaa of 

Pa at two halghts JUn tha ehroejoauhara ara tabulated.in Tabla > along with 

tha valuaa obtalnad by Gillie and M«na«l«   Tha diffaranoae battf&en tha 1932 

data and ©w data ara quits larxa*    Thaaa dirferancaa, howavar* ara dir- 

faraneas in tha natwal logaritlwa and should ba divided by 2.3 for 
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eoeparisen.   Gillie and Hansel's reeulfee *r# ebts&nsd fro* 1ms intensities 

that have dUftftnoaa in     log \ of about 0»$*   Over the seas fangs is 

heights aw 4 log Sfl it about 0»7<   Thi« is the asne dlnwtion as the 

<ftffer»eeee «• hew found in the Batata? deereatntSt but the percentage 

differersat it itueh las-gar*   Therefore, It sesas unlikely that the differ- 

ences art entire^ due to ^^twwtrjr* end there mitt b» BOM real differ* 

eases in efcranoej&eria structure*   Jk**ver, park of the differences 

observed could be (tut to j&ota**tri8 errors in either eat of data. 

fat phetesietry of tot 1£#J data ia based an a ayataat scawwhet ees^part* 

tola to our standard sxp*>eurev     Mowe*«r, In the 353a data no corr*Gtio«e 

were st&d* far «h*a£ee in tha ebareateriattc curves with wavelength to the 

nanga XX Jt9Qfr*3100«   Tht author* paint tut that any errors arising fro* 

tbie nagltot would shew up •• spetettet&c differences with **»«.*« anfth of 

the values of ji for the natal lines*   Ho sueft tendencies were noted* and 

it waa concluded the* the neglect waa not serious*   Since their reaelts 

include w*ny 3 Jnaa in which eueh a changa could be detected* it ia unlikely 

that thsr« ait any large errors froa this source*   On the ether hand, it 

i» also ^likely that the aurves muhi have o**MJt3y the $tm shape over 

aueh a wide wavelength range.V   Ibis* of aoarte* ia a property of the 

emulsion and dependa upon the particular fiia*   3£» fact* the dlfferencae 

between the i?£z and 3.93? results ar« soah that it wo«M:be difficult* if 

not impossible* to correct then with any simple distortion of a character 

iatic curve, and therefore the obaerred differences »ere likely represent 

real differences in the therffiodynamia structure of the chromosphere at the 

two tine*. 

Although we cannot prove conclusively that our characteristic curves 
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«&XA 3 

MM —"——       |        '     •       —-  —     "|   -   -TI-HI urn   |1,| |m |     W|| 

1-^k       m *» 1500 IK f 330 tea 
„     : MM .rca  yy,„w,. ,»y.„.»», 

8 • 12 Ci»0   O.iil —    0.67 —    0.77 
12 - 1$ 0*32   0.15 0.2$   0.28 0.26   0*30 
15 - 18 0.20   0.22 0**6   0.2$ —    0.31 
18 - a 0.10   0.10 0.18   0.15 —    0*21 

21-214 0*2$   0.22 0.2?   0.2$ —    0.27 
ik - 87 0.11   0.18 0.10   0.18 —    0.19 
27-31 0.15   0*23 —    0.25 —    0.24 

i wmmin-mmiyn,\mmin-iot»*mm***mm+*t+mmmmmn*M!m»mMm*M\ tI-IF*. OJW»»WMHH—MMMW—wawfl ww i—law——ifw—awawai n««tfwaiMf<» 

fftttlt b 

^aloW* t»»loW* CT^j—«^5^ ~~~~1p~ g^g^••*- 
lyga 19g5 1P32 "              1952 1*32 

Ka                0.93 !•# 1«20 %           l«n 1*39 
%               X»l6 1.51 1.22 821           1*96' %M 
H^              1*3? 1.56 1.22 m           %»H 1*33 
%              1*1*5 1.62 1.22 Ha3           3L# *4i7 

%a          aSrt |Si rfeS %       8,CJ5 l#? 
%3             1.68 1.68 1.2$ hg$          i.od 1.58 
%              1.70 1.70 1.25 H26           2.05 i.6i> 
«!5              1,73 1*73 1.30 8s7           2.08 1.61 
%$              1.73 1.73 1.36 828           2.12 1.50 
a^             1.7? 1.7? 1*28 ti®          2.08 1.5? 

%e            1.85 *•# &** M30 ffSfe i*s» 
itfl i.n i.30 H3i       a.if i.5J» 
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art frea itm sgrat««tttio errors, the?* Is considerable aridarwa la thai? 

favor*   SOM of this srldanes hiit fcaen dlsoostad In part If•   is ahowad that 

tha a»tho4 of ooa*teu3tir«g tha <m?v«s, as dsftcrlbod tb*rs$ gave <xar*« that 

wara intarsally oonoistont*   Oar scafi4«»e* la tha* was bolstered by tha 

eonelstenoy of too extras* end* of th* curves* *feich *»re ehaefeed by aeons 

of the relative intensities of several lines in the tero insgse of eaeh 

•pootruB*   Noreovsr« fret* thia *i obtained an lnt«n«itgr ratio bafereen the 

prlaary and secondary iKsfee for saltetad expoeuree and tha ratios to 

sfetained war* A» vary good agreoaeat with tbo ratloa obtained independents? 

free the integrated Una intensities on th* ease *js«otregr«ae.   This is a 

rigorous ehaete on the internal eonalatancy of the «urv»e, though not 

aoeaaaartiy ft shook on ttw shape* of the curves.   Ihe Boulder standard 

GxpaswKB ahoa Oieftgreeaent with these ourv«a is th* rsglona whora tha 

Boulder our**a afa loaam to ha in error* an4 good agraeaent throughout tha 

str*ij$t Ixm portal*? *Af high danaltgr ends of the curves nhar* they era 

*ar# lifeely is ba oarraet*   ?hla M s-srhaps not a oles? daacttetration of 

ao<rar*oy, hut it at least strongly corroborates the curses* 

Ihora la cute ether osnsldar&tlon that shows both oonsistencgr snd 

accuracy in our ourves*   tha in tomtit la a of too lows? ordar lines %-K^ 

wars *sa*urad in all oaaoa in tha aaoonda«? images*   tn th* early «*|kwuraa 

tha Una densities lay in all parts of the aursa **9epfc tha too.   In the 

latar exposure* tha danei Use lay Xowar in tha curve* in tha straight line 

portions of tha curve and all parts of tha too eeve tha aastraaa and*   On 

tha other hand, in tha higher order linaa, Say Hgg-H^j tha intansltias 

wars aaasured in the eaoondaiy iaages in tha low ehroaosphere and in tha 

primary inagas in the higher chromosphere*   Iha raault is that in the 
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eariy exposure* th« densities in tfcets hignsr orser lines were near ins too 

of the our*** but *a soon AS the densities beosae tod weak for aaeureta 

phet«s**try,s ft* Una intessi^ w*s ssftsroed from the prlaaiy S»ifS# giving 

deneitiea up above the straight line portico of the mm**   On still later 

exposures ths dsnaitisB In these linen dropped down to ths straight lim 

portion of ths surve again* 

Ha spits of tikis jumping Around on tb* chayeotsristie our** too data 

wsrsvssy ooneiatsnt, «s evidenced by the height gradient curves*   If the 

eurvss wart seriously in error there would bo abrupt dieoontinultiee In 

these height gradients corresponding to each Changs of rm$* on the curve, 

ftsrsfore wo conclude that photons trio errors in our data ars not Utaaly 

to bt ths cause of tbs differences between ths Ehartoun eclipse results and 

thoss of 19)2. 

Further evidence for real difference* in ths ehreaoephsrio structure 

at ths two ©clipeee is given by ths sbeoluts intensities and ths maKiaus 

heights to which ths linos oars obssrvad* In ths low ehronosphsrs ©w 

absolute intensities arc of ths order of 0*6 to 0*? in log£Q higher then 

ths intensities in ths 19& data* This is probaoly a reel difference as 

shown by ths fast that in our data the higher order lines ars observable 

to higher levels than in 1912 e*e^ thou**, the height gridaonli tr* larger* 
• - - " - - " . 

Xt should bs recognised* of course* that this nay be a result of the greats? 

spssd of our speotrographs and censequsntly greater exposure in our spsetro* 

grans* On the other hand, a really brighter chromosphere nay be the rsaaen 

that our spootrograws wsrs soaswhat overexposed; ths exposure Uaet were 

computed on the basis of intensitiss given in the 1932 date* 

If we ceapars the sstlaated naxinum heights of the Balmar lines for 
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toe lp$t ealin** *ito too®* Wj^x-ted by Sildt1^ for X^ur pvtvlaM ©3U$»»*s# 

we fi»4 toot- v» laave efeearved H^ i*> son* 1000 ktt bigte' to&sl in tit* p*«rrieti» 

eiMii   fox* toe l«**e* oide* Utica, tois* diffeipenoe fjredwOly <*#??**««*? wftU 

at 3^j tot MIXUMM teai^sie tees to be »bo«4 tot ems (*** ftble 5}*   JWUi If 

ae»altteK* with too flat toat to* faatsnt gradieate eras abeolata ittteni&tlefi 

«e#e large? in our aolipaa date*   UiteheU*0 has *epertad ela&lar <U£fwamaa 

In trianal eatlaate* of relative Inteneitlea and heignt gsediente la pmieaa 

ooUpeea« and CiXUe and Mensel have reported large ditTereneee from point 

to point at toa sene aelipaa*   tbeee retulte strongly euggoct that bo to too 

height gradlentt and the absolute Intonaltioa la toa ebrasosphere wers 

greater daring toa 1952 eolipee toan toey were during toe 1932 «cllpao» 

Sato eelipsse wars near Klniaw* pbaee in toa tuaapot eyele» *e that gradual 

changes alto phase of toa stmspot cyoia oannot ba fought aa an e*planatlen 

t>t our observations* 

Table $ 

Ma*4au» Hsighta (ha) at Unsi • 

\ 1952      190S/25 1930/37 

% 
TOGO 7000 

«16 3700       1*000 1*000 

H20 3150       2500 2*00 

H23 2900       2000 2000 

«26 2600       1600 1600 

«31 21*00       1000 1000 
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th* objective of th« work <$*&<sri£»ftd is this? »*stioa *•»» to obtain a 

preiinim^ id** of the ttornodyntiiio atnwturo of the ofcrtsBosphere indi- 

eoted bj t4»a= Balaer line and eoniimw* mU deri*^ *ad tabulated i« th# 

preceding section*.   Spsoifloalljr, •m mte prvliainary dotoriRlafttloas oof 

the following* (1) IdtnefcLo foeRparatow* gradients with height* {£} oXeetrott 

density gradients with heights (3) self absorption for % as » fanctiac of 

height! and (U dspftrtores fro* tftorsotfynsnlo *quilibrlisi as A fanction tadT 

height. 

The results giv»a b*re are of the u*iur* of ao*t preliminary asiiaftie* 

of the qu&a titles described*   Systeaotio *iid aaroful troatosni of tfe* f«U 

poWntielitieij of the data is being eonduo t*d this suwser at tho Hifb 

altitude Observatory by Or* Richard R? Tfesaas* and * group of assistants, 

including tho writer 

the g*n*r*I equations for the observed emission in cfcraeoopherls lines 

or tho contlnuuk of the Balser »pectn» are first doriyed. The intensities 

in slltless speo trogrstes *s tabulated in Table 2 refer to the eniseioo in- 

tegrated both Along tho line of sight *ad frtsi tht noon's liab outsrard. Xf 

£ft>$9lt thomission in »rgf/«eo/oor3/tnitt solid angle in tho line hV thtt 

tsospos tho chrwwepher* in th« direction* y, tcwarde tho obsorvsr, then tho 

•niittfion por unit solid angle in tho line Xros • 1 on wide slice is 

where h is the height of the noon's lion sbove tho sun's Usfc.    Hie geo- 

metrical situation ia represented in Kigura 9*    Hie notation used by 
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Tht»At»& aaa twm adoptad bat* to avoid «an*e*««Asly ooafuaiett*   la tha 

shroaoaptoara WAIIW and to a good a$p?oxiMaUoa 

7? 
tail 

i4 * **>• ^rtqvwmqr of tiw BaJuatr lias originating fro* fcaa at* 

laval* 

A^s • taa SSuatain traatlttea probability for •pontaoaotti taranai* 

ttaaa froa **»• leral a to tfe« laral 2* 

RL>K# * the mafca? of protect and alootroac par a**, 

11 » taa Jdaatlo taaparatara of tha alastrona* 

<^n • Us* statiatioal weight of «ha leral n* 

Kg •• tha maker of ateas pay e*3 excltad to tha laral a. 

tbeo for an optically thin ateeephere ia thoni»<xt$T**io equilibria*, denotad 

by the aeterleka, we bare a definition of the a^g 

A'PX*:^*v - . ... («j 

where Hc* la giran fey the BeXteaar.a-8ahe equation 

/  Jk* W* GIL.        *^5i*Jl7i 

Xa general aoaa of tha radiation will ba raebaorbed*   Xf we call the 

eo»erptl*m coefficient a^g the aaouat of radiation atoaping the ataoephare 

ia 



** 

wboro * if tin voiuo of y at tfco editing olomtnt* filroe th* obrooottphero 

la pro&ttdnontly hydj-egws, wo tofco lp • K## If* In «&&ttoa* w* *U«r for 

d#P*rtwt*« ffcoa «5*r«oajm«kio #<ju±librisi and doflno ba by 

vboro %ii th« ootuol population of ttw Urtl a and Hn# io tfco popalattoa 

of tho lovol in the eaot of th«mody»*»ie **silibriuB, no got for too 

ootaftl ooJjiloB ohloo oooopoo too otarosoophoro 

(26) 

For ooarooloneo* lot 

'**" ^Sn   ' (») 

and 

cn a & A*,»  $£b~ . 

(28) 

(8*) 

skp«t:tv«« {««}   then «*««»»»» 

(JO) 

and aquation (21), walttpliod by 1* ff, b«ae»«* 
•3** 



to 

Menael22 fcee ehewn that the intensity is erga/eec/^/uBit frequency 

lit tb« Bftl)t«r contiuuua can be expressed In * siailar faahian*   for ta* 

intensity at wavelength x in tha continue ht gives 

Hence, the observed emission la 

to b« etrietly oorreet we ehould include a by and an absorption tam la 

aquation (33)»   However, both of then* am negligibly aaaU in the oootinww* 

A«   Preliminary Analysis of tha Balaer Continwai Data 

Since the Balaer continuis* emission la relatively free fro» tha effects 

of self-absorption, one ean readily obtain estimates of electron temperature 

and density froa tha eontinuw intentitiea*   For tha method followed here, 

It la necessary that tha values of fix that are used represent only the tr**" 

bound ssdaeion in tne Balner eontinuus*   Tha continuum intensity at a point 

in the elitie«* ap»eirog**«e* on the long wavelength side of the Balaer 

eerie* Halt is tha BUS of the ecntlnuup intensities free the various 

sources integrated over a 1 m slice of ohraaoaphere and corona*    «he 

largest part o£ thie Inteneity co»es Ftm scattering, of phowapheritir zmoi** 

tiers by ft** electrons*   On tha abort eevelength side'.of- the Balaar *eriea: 

Itsdt, the inteneity oi* tho fre©-oownd «Kiaeion in the Baiiaer eontdnuusi it 

added to the o ui*r sources. 

Since the exposures in the priory insge were quite heavy, we ware 

able to get reliable aeaeurewente of the total intensity in the continuuw 
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tooth &o th« leeg wwfitloRgih astd abort wsr^tngth aidoi of -fen* Balaar **rl«* 

lix&t*   If mt tawani tht rolaUvs iaten&lfy is tfca ao»»e*2»£ x6 §mtimm a# 

ft fw»ttoo of wstslaa^tfc, tfeta free *h* &tt«ft»it? at, **y? v3Wa «M »o»» 

Balaar ear.ttmnm latanslt? at ahorter wA*$Xangtfc* «*a be ofetaiao* toy <rats*» 

portion*   It la appainwt froa tfe« ep*ot*«gjst*# that * tango pftto«st«$t of 

tho total ooati&tna laUeei^r 1* 9<a*i»£ fro* the oo*on&.   tho latotuiitr &•» 

irllMtiQA la thia part of &* eetifeimtst eaa iba datanOatd trm tho laago of 

tht aoyoaa hvtfaria* tha pstiwury Iftaft of tha apaotnai*   tho latgott part 

of tho pfMi.tetaf imoaalfc? oa tho long awvtleegth §ida of tfee Btlnar 

oootUmaa i« froa ooattoriag toy #ro« elsotrona Si* lha ehx-aaoapbaro* ahlah 

*t low holghte i§ a *»xy aubetanttal ooafcrltoutloa.   Sbu«» tht latonoity 

tftaiyttoutiora in this p*ri of tho oontlmaai ahoula b« th* sea* M that in 

tho oaro&ftl oonttmnat, *»d tht ifttanaity ttatritout&on in tfa» total o^Uawwi 

Intensity cbould tot *ory tMWu&y tise »e»#. ozoopt for tJb* panurbaWon oaoaaa 

by tho B«0*er eontAnuun* 

Tho lttt«noity diiiribttfcian la tho eousnal C<%UIUK»I *as ***«ur«d or* 

aovox-al «p«o*«»gr*a»»   ?ha individual v*l\»5 aha* oonaidamblo variations 

apparont:!/ cawaod by soattovod Ugfet in th« opootrocropho*   Tho avovog* 

values «nd th» pitfhatola ssvars art oboim In Tafcla 6. 

-      MM* 6 

Ralatlvo tatanaitlaa i» tho Coronal Oontliraua 

• •• .nii'l uii    •!     aaawLOfflLw 

3*00 * 0.01 • 0*02 
3800 • 0.00 • 0.0? 
3700 0.00 T 
j&jO - 0.01 * 0.02 
3500 ~ 0.0J | 0.02 

>aU».iM»*mJBW*IMlW*T<M^«W<MM*WIWi<IIWaaW«MWMtti^^ WWJII 
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At point* * and b on Uv» Xi»to the total intan*iti*» *t X3?00 suxs at 

fow wewlsMigthe i» the B«l»*r cooti»u» wore »©«isttre4 «ad entered in 

TWjle 2«   Tii« iat«r»iiitr *t X3700 wee team «*irep©let«4 %» tartar w«ro»'- 

length* bar cpplyiAs the cczre© felons ihoim is Sfc&l* 6*   £&*« esctrepoleted 

iat*«i*itgr was then »ttfiti*&ete<& from the total intensity »t the **** w»v«- 

length.   The reminder wae eottaideree: to represent the fre<H3©t»d eainaioo 

Iff the Balaer continuue, end theite value* were entered In the lest fedr rove 

of Vebi* 2,   Tfc»§e deta represent the ebaereed wglteien «« e*£re*«e4 ty 

«<3£*tic» (33). 

As e firet apprcwdwAtion, the grepha of It* % v*. height were fitted 

by itreigat line* though, ea shown helm, this le*da ** umoeaptahl* 

reeulta.   A least sqt&ree fit gare the follo«rlAg •qusfcianet 

leg »361iO " 2.8» • 0.«i - (0«# I 0.03) * lO*8**. <3h») 

log B^oo » 2.83 • O.Oh * <0.?X • 0,03) * 1(P%. (3i*) 

iog %#) • *'7* • 0*0h - (0.» > 0.03) * 1T%. -(JUtf 

lag £3^30 * 2*73 • O.Ojj ~ (0.89 • 0*03) a KT%. (3*4) 

She fit of equation (%*) to th* obMreed valuae of log tjgjQ ie shown la 

Figure 10.   For the MM of an essential change of «ai»sion with height* 

we he**-. 

an* it f©iloee froa (21) thet 

i«i   *** 



** 

400 800       ifcod       ieoo      2600 
HEIGHT      (Km) 

mi©    LOO;; KBi40    vs.  HEIGHT 

2400 
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HMMM th# aquations OJi) e«n b« irrittfta ** jf*Uwas 

&* ^3^0 * * 33*20 * 0.09 - (SOS * 0.0?) at 1F% , <37*> 

/* ^3&» • * 33»WL • 0.0> - (2.10 • 0,0?) x VtK. <31fc) 

4* £$$» * - 33*66 • o«cp*(2,05 •. o««r) * isrk. on) 
Jhem «^u»tion (32), va g«t 

— ^ C (MB**"* 

£A  ^A 

and 

0*1) 

Sine* ?ft c*w»t d«p«nA ca th» MmriLwagtii at which wt au*»ur* it, ««d time 

th* l«£t aid* ef (1$) !• tadftfttndtat of height, threot&M^aftet of usittg 

•ttffcigit lino* to fit tho d*t» in ih# B«i»#r eontteuw !• th«t we wwt h«ir* 

Ut# ut9 of ttraitfit linos also r*quir»§ that, unless 35r" ** d» ** BW*t 

bars Ta'." «*«t «OM Units height tfoora tht lifted internet.   In thlt Goes 

the lines at U6ii0 and XS5&0 taiereedt at about 2700 km*   This is* of 

courts an y....vsc«pUhia result* and ws »houid look for departures rrcia 
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straight l&m* in ths log S^ v»* height curves. 

An alternative approach* not used, wrald fc# to eonsider the observed 

values of   .*•^ at each height and obtain *d &$ each height fro** these 

values*   Befove thlf approach could bo ear*isd out* however, it would *?* 

necessary to refino the sieeeuretsente in %h* eutleor eontinuoa*   Xh* existing 

data hfev# so touch rendew error that when individual lewis* ere considered 

the **Xttes of Tv range frtae * few thoueanS degrees to aw.   the values of 

** *re obtained both in the higher end lower levels of the ohros»sphors» 

and it it impossible to get an attraga t«»$>eratttre* 

StUl another alternative for «»»ly*i«g the eentinuHs date was pro- 

posed independently by Thoaai^And Zanstra.^ this swthod shoes proviso 

of giving Mioh aos* reliable values for the electron teaperature because 

It is not «s sensitive to swell srrors in the dots* 

At the present tine we are eerrying out sera ssttnslve aeasurenanta 

of the oontiuuua intensities sa a function of wavtlsngth fro* X3900 to 

X3!*00, but these resets are not yet evaiUble*   the rendos errors ere being 

reduced ss snieh AS possible by using severs! wwuvrraaants of the intensity 

st each wiiTslength on each spectrogram*   Sham these SMiasurejRents ere 

completed we sill carry out the analysis proposed by Xho&as? end further 

anslysii of the intensity distribution within the free-bound e&lsaion fro* 

the Ba&eer continues. 

As A preliainery aeasuret we found it interesting to see what sort of 

values of »„ "^T*   * *e* "d  ^§T*   w« co«ld *•* **<* actions 07) 

to (M.)*   Thess values ere tabuiatsd in Table ?*   The values of   ^SSJ2? 

wsre obtained by setting ftx • 0 at V3&0, thus giving 
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JJLn. 
~3r       m 

inm equation 0&), 

X% *ho\&d be mtat\i that the probable error* In equatioae (3?) are of 

the MM order a* the diff«raaeM frcw orhloh we aalenlafced fg and 

In fast, if we include probable error** we get At 1000 ke» 

end 

B»noi» the value* of Ta and   •'•"W5  in Table ? o«tt b« la «mr by rather 

large ataount**   nevertheless, it 1* oalikaly that th* data eould &« In 

error enough to give te>12i,CKX}^ S in tin low chroeioepber*.   For *3*apla. 

at hOO ios log (Cj6iiO/%po) * O.li* and gives % * bOOO" K.   to order to have 

?„ • 12,000° &* «« would have to have log (K^/^JJOQ) • 0*05-   the chance* 

for this much error in the data a?.** vary small, but not nil*   Since tbe 

v*lu*« of 8* aw*   --prj^* ds^er.a upon the value* of Tt and     ^g&x 

reapeotiraltjr* they are aleo poorly defined by the data* 

Ihe Balmer continuo* data ahow eonaletantly that —«—><*   The 

probable errors are auch that «jr could be i*ro, but the chances for 

thl* are Blight.    Th* value* of   -jjp in Table 7 depend upon the value* 

of T4 and they have undoubtedly been overestimated In the higher chrono- 

epherie level* by the u*e of etraight line* to fit the data*   On th* other 

hand! there la nothing in this nethod that could give lKjp >*if thl* were 

not actually the ease* 
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MM & 
if w* INMI oorssUafc *^***tujr«, the ?«!$# of    nir   is 4.1 x lO*** 

<*r*#   tbi* i«3l«t 1# sanmidterflbly hlgj&tr tfcas th« ftiitt fm»d by CUU# *od 

M*n»«l2 frok ttw 1938 a*t«*   tfco **!«** of Bt dtt*mtMNi £tf«e «qwUen 08) 

with t»- 15,200* I *r* ll*t«d ia th« Uat. «w Af ltt»l« ?.   Tte *»!«* «f 

3,5,200* K for fy «m« ua*d b«e*iw«, «e will b« »bc*»s b#l«w, it i» tH« 

toarfwmtewi flvw by tfct AMUMption of «n iftottanmal efecfowoophtm in b/uxv- 

ttbU 7 

V -gar *****   ^TT" 
*#Mwini»wini wt mtmmvmOmMm tmt*t*****mmm   |,r"   ir    <---.    . .T_. . .„,,- — -..— .•• — .-. ri-it-^rnm-iitiriii.wuniiiiiri.Tmii 

ttOO            800            1200          X600 2000        2i*00   -£ ~tf- 
, _ y »'* m*mt 

•irrnrrfti —r~r-tmrTin JTTITTI -Ti-i~rTTitTnniiinMiii>iHtMHwuuww iumi wi. n m IJ_ .       _. rtTrrwaWTnimjttt 

\iJ6iiO-36QQ       2,600         3,100        h,M0        6.300 lii,?00                       2,03 

XX36iiO-3$$0      3,8*0       Jt»3$0       £,320       6,300 8,U00    12,650      0.8? 

XX36l»O~3#0      ii,000        U,&BQ        $,l£Q        6,630 8,830    13,2$0      0.88 

XX36OO-3$0      6,300        6,300        6,300        6,300 6,#Q      6,300           0 

\X36O0-35G0      5,000       5A80       6,060       6,760 ?,6?0      8,?00      0.1i3 

U355O-350O      3,900       1»,8<X>~       5#8UO        7,270 8,900    li»,570      0,86 

mtmrnm^^Jmrna* m mmmtmrn ymmM*mmm*m*mmm mm* *jmnmnm\m*mm<m ft<m*m»*m mummmmJt* *********  m**JLm«*mmmm **wftmmmni • i mmm*«*.:m*m*** 

%g0X'*'***••   o#36         C.ltl         047         0*56 0.77       0*9$ 

=jjjjp? *&•*•* -0,83;       -0*80        -0.7U        *).88 -0*53       -0*38 

VslO11         i».2           3*0           2.2           1.5 1*3         0.93 

(T^iSlSoO0)     ^            7#l          %,|*           *#0 1#*          l»2 
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ZX is Inturestlnjg to corner* th« jwlotionafoip* a»oag Tf t     
<*3rL* •*** 

*'rag^   in T«fei« 7 with tho reUtlenahlpe tf«ri?o4 tf*«i» t&» fttmnptioa of 

h^rtroftotic ttg^litacivNi*    In this stctian srw dooesrfbo th» r«ft&t« of *v&& 

ceas*rl*Gn*, nhioh «ho*««* ih*t tht date **• not itrorgly JUsoeMiitont nta 

tho tosuspUon of hydrostatic equilibrium* btst that tho atftuftotion tt£ «n 

i<noth«m«X Qhs>eaeoph»*i i§ untora&Io. 

Sinae th« ohroawsphoro i» px»dc*ittontly feydjwgoa and tho largest 

poreont&go of tho r«u»lnlnf *tc»8 ar» holiuft, which h*a ft high iooinatioa 

potential* wo &»»•* 

Honoo* the aquation of hydro*t*tlo oqullibriun i« 

And tho idoal gaa law oar? b* written 

Xf «r« d*fino 

AS. 
<tf 

a* * fraction of hydrogan ionised., *• got 
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tgm (it?) an* (1*8) > m gat 

•   —t      tK .11 '   «n .   iiiiin  in mm I'I 

loai»4U<m «qtt*U&n glv«t 

^.-#^^^£ (50) 

&*>*UtuUa« (50) «nd fl»3) la A#) *»d ••tttsg   ^*0, w* gtt 

Squatics ($1) can b« wflitaa 

'If «• e<*»*ld«r """XT*"   *• «*»*•«* and «•••*!»• talus giftn by •watton 

(3U)* t&J aquation *&sii» to tea *»**$*«& 

«JC.II>IIII*I»WHII»     •   nr *» j (5$) MIMTWMUJB.UIH • • '"•»•" 

and «qttaUoft (51) oan b« writton 
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dJklk 
The Belaiar ooaUnuta data glvee valuea of   ~*5£X"~ ***   •• *8 g4raa ,lR 

Table 7*    To« valuea in tha loir efcrenoaphera gi^e II««1M4 attuatione (Sa> 

and (53) ahould apply*   *• tabulate in %bl« 6 the valuea of   *g%""* 

obtained fro* (53)* bjr using the **!»«» of Tft fps» Table 7•   These value* 

are eonaidarably lower than the valuta in Table 7*   Haneef the «w of foe 

valuta of tggfeS^ fA and  £=Sr^&» Table 7 &**•> under oondiUona of 

hydroetatie aq^tilibriua, too low value* for ^£pj*S**   » the onaerred 

•aiaaion gradient.   However* it la elaar that a relatively aliajht nodifiea- 

tion of the paranatere of Table 7 would peiadt u* to satisfy the eonditlon 

of hydroetetio equilibria** 

Xf the caroaoaphere la not in hydroetatic equilibria, it ia amah more 

likely tone too extended rather than too eaapraBaed, and time to be out of 

equilibria* in the dir*etioa oppoeito to that indioatad*   Thia reeult eug- 
J?JL*Tk 

g»tn* than, that our v*iu*>* for Ta and    —"Tr*      *** iaooa*1*t*nt*   Tto* **" 

eoneietanoy awe* likely arieee froa the nee of straight line* to rapraaent 

the variation of log 4\ with height,   la note that aquation (?3) fivae an 

t^per Halt for  4~ffi~* of 0*21 % lerW1 and that ^£*p4  daemeee aa 

ts iaoraaaee.   Thia ia, of oourae, a result of toe aaauaption that the 

iOBiaation ia luw and that tfod enietion deeraae** exponentially with height* 

f»Kl»   A Anw*e   v 

Hoight (k»)        hOO        800        1200        1600 

£%£x/#f<av'0.1»       0.15 O.lh 0.12 
iiii-giTi tJUnmii -rnififwii IHHIIKI rnnwpriwt»miitnf«niiinfiinrrnfMwni>nm rwfi -I'-Tri"-*—f"""iT*—*- 

Alternatively, we can look at the data for KfcftXX) k»* where the Balaer 

continue data give a*aY'X» In this oaae '"*&*?• & •nd o^uation (1»?) beooaee 
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v*im &3)» ** *•* 

«hioa ess be written 

fhe iat»«ral of this equetioa with ^Li**** ..*/* frf******     tlv*» 

7J « C C f/l/219 

€».&* */#"** 

•ad 
.&,**          _,.,.„....• 
^^•^•-1-      M •^•WWBWMIMWI in •••!••••  -   . 

^3T      , *   'jy« «-••««"«•'*• (58) 
Sty w 

71 "jMp^s our £*t* in Table ? indicate, hydrosutto equilibrium thus 

shew* UK that Tft >15*200° X, end that   ^S*?   * the jjM^ient it»«ift 

increases \i|*f4)rd* 

The usual aethod of tppi^ring hydrostatic squiUbyiuai coneidsroliync to 

tfa. *mMtiHn5 1. w «.««. t. . oo8.*. «d ?*/ .   If «. «*. tu, 

aseuaption, ie spits ol th« gradient shown in Table ?, and eat C * 0 in 

(V?)» w« got Tt * 1$«?00* X*    (for the «Bl*aioa-«h#ighfc gradients obtained 

by Gillie ami M«nsiei, a T« * 22,$00o £ ie required on this assusption*)   We 

hairs alra&dy •hewn that it is difficult to reconcile the Beissr continuant 

dctM for the chrcsjospaare below 1000 km with *§ * l$»20tj> K-, end thus on 

•Use isotherms! model ere forced to admit rather v».ide departures frotn 
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hydrostatic equilibriuaw 

Sfco above analysis of the Balaer oonUamat data for A ehroaoephor* is 

hy&rootatie »?j«ilibriyi« i» rather erode* bat nevortholoee leada to cMnelv* 

•L*»e of S«M intoreat*   the sent Xik*3y aodel of the ehwewipbere that 

Miitfloi both the data and tfc* *»»«8ptiw of hydrostatic oqalHbrlttts ie 

too foUowtesi 

the aero thorough ena3ysie of the eoniinwa data iihloh It oow in progreta 

8&©«ld Allow *ore apeoifle definition of t# and  ^&g~£. 

C.   Belser LtM Sedition 

analysis of the lino enieelon of tho hydroges @el»sr spec trait con give 

ue results e» .self-ebecrptioo and departures fro* tfcsraxtjraaBic equilibria** 

We eaneidax* first the geaerml fora of our approach to thoat problem*. 

tho gpeph* of lot % vs. haight of tho ieoon*#» HM> ahem in figure 6 

todieeto that aJ»owi a oojrtaijB level tha aa&eaioa decrease* approximately 

oypononttaHy with height*   For tho lines H$% to Htj* tho exponential 

approximation ia good abort 600 h*«   For tho lower ordar lines* tho aaiat 

apprexias ti<m ia not good twiUi one goaa to higher lewis *   At H$ the 

approximation ia good above 2000 ka»   In thaaa rangaa tha data for each lint 

are adequate!? represented by exponential relationships*   If departures from 

such *xponsnt.ial« of real physical significance existed* they would affect 



thft eumi for adjaoant » valtsaa is »wsh a way as %o i>*eduea ^ftamUo 

dapart'jjrei trm int axpoaantial thai pstsgpaa&ad *s«?etin«w*3jr witfe a*   Bo 

afidtnea iter aaafl fxro{*ttai¥* tep&rtwm if «WMt#<s ay tat ssrraa* 

'Xn tat nigftoet ordar li&ee.ite afftota of a&r-abaovpt&on «ad dtpar* 

taraa frcsi taaiviodyaaado a^ttilieilrat «M ^g^bably waaU*   SfaaoieatieaX M»» 

ptrtaUeaa af tfc* VB *7 ^-»£»n tad Matattahif*^ tothit tbay «s$s*o**n 

on* Hi e JMraaaoa.   althoagi th* «M«pat*tloa» Iselwk "asjj?n*10, it ia 

ofetieu* that by tha Uaw a **aca*t afcou* 2£ ffct V» «UU t»o *a*y oloaa to 

Sine* tn* abaeipttoB ea*£fiei«at, a* it wall tetewa (ftoaat?) wits 

ae l/a^# tha aaotart of abaerpu&o in tha fcitf^ oifda* lioaa will ba ewU: 

ooaparad to tfeat in tht law ©**si*r U»a#.   Aa a firat a»proxia*Ufiin wa 

tan aatoas that tit* abaofptien tar* bat*®** oagHjgMy taall fo* a *28.   Oa 

taia toaait wt wouldthta aspect ifaat tna ofeaamKi a*iaaio« f*o» tb» U©M 

for a* 26 would ** waxy atarJy * tnu *af*»aa»t*fcU» of £*« pontiUtienof 

too lawal n mi pstditttad a? tham^yntais o$yili&ri«ai tbao*y. 

Bafertunfttal?, «U cf t*a !!«** for a*88 art affeotad or bland*. 

Sgg «** H30 '•*• olandad with «rw«s<»l*«a B*4*1 ii»t*»   Vho wingo of thos« 

list! ovtiOap with 839 tad 8^ and a© tit* WJMWU «1BO *fftot th* Intantitita 

of that* UMS*   B&tswsTi th* prtessy iatsrtat ia tata* highor- Ordor 5i«*i 

it to obtain an aadaaion gradient that is fiat ivm tat p*srte«bia« affaott 

of •alf^aotoxption and dapwrturaa fro* ttatmodyaania *%uili»riv».   far tai* 

eaaa* w* nata, f*o* aquation (86) 1 
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eno at the head of tha Seiner oontonwai (a * **) 

Hence, ira ana use the aaiaBlor, gradient at the bead of the Belatr coatlauua 

as ft raferease f«* which to aaeeore the perturbations* lo the enie&iea 

gradients.   The cbaerred gradients will have the fera 

Sw-'t-^* "2fif*~3U ^rp *"^j^ * *****        (61) 

where the tera mOO is th« change la the gradient caused by self-absorption 

end heaee* is a function of height*   The *teaervatlfina ehow that to a good 

approsdaatlon 

The obaarvod values of ^, tabulated la Table It change ays tana tieally 

with a end h#   However* above 2000 Ice the value* ara no longer dependent 

\jpo» a, or* aora correctly, tha dependence upon h la too snail to ba ehowa 

by tha data.   Xa general, tha laat three tarns on tha right of aquation (61) 

depend upon both h and n»   Tha sbeenee of a dependence upon h aeaae either 

that tha important taraa are independent of h or that tha dependence on h 

cencele cmt.   1he valoee of ?«• U-'jjig am not anaU. for tha Iowa? order 

lines*   In fact* for Sp above 2000 hi we have $«» - £$? » 0*68 x lO"^4, 

and we are foread to conclude that aoat of this difference eoaes frat 

taraa or ooablnations of taraa that are slowly varying functions tf height* 

The tera -  X*.  ^~§~r *» °* *»• *«** "iff" lf   ^SaT   ? O .   The 

Baiaar eontinuun data leave little doubt that this la tba caee, and we auat 

attribute thsdeference t« the other two taraa.   Clearly Yn(h)>0 ao we ; 



m 

?8 

*m invMttjato thi« feli^abiorption ttra first* 

tbm obMryad «ei#Bioc 4a * Uno is 

Tito ooaorratioaa for th* blghor ordar Unot git* 

Zf w» attua* that th* «sii#ion g«wii*ntf in tteia Unto aro anafftstod ?sy 

aol£«ab«orption» than wo ota wrtto 

Aft, * M%+ .€"-• 

as a finrt appradmUon* 

itetitt«hiaa25 h»g fhcom that for fhlt approximation 

whar* % it the total nuabtr of atona in tht B*law ground otat* along to* 

lino of night*   Th* offset of th* aboorption on tho oboorvod oaloaion 

sm>A**.    a & »*~ * ***** \r****J • 

whor* ?*r and io considered to bo oonotant* It follow • that 
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YjaCh) It the change in ,&n «*u»«d by eelf^abeoyption.   Since Rj it 

exponential la h, we alas hare yn(t) changing apprcs5*ats)y eaqponentlaiay 

with height-   The only «ri<s«no«- /for sash change* occurs in the emission 

from Bg to K^» and then only in the levels below aoOO tea*   4pparent3y, 

than, »elf-abeorptioa is either a relatively will effect and 1B not 

Affecting the height gradients above 2000 k* or the hn teas is entering in 

auoh a way that it partly compensates for the change with h*   Since there 

are obvious changes In pn which are not of the form of (66), we must have a 

significant contribution from the bn tern*   However* before we consider thli 

torn, it la helpft*! to estimate fo and »2 from the effects which are ap- 

parently caused by self-absorption * 

le note that .if we again use the exponential fern for Hn (6I») can be 

written 

where 

^ *•***-vt      (*+*;***    *.tf**4>j*'it jr.^>ej/i>yH    /<«)• 

We have seen frost equation (66) that the offeot of self-absorption is to 

change the emicsiou gradient by as sseunt which changes exponentially with 

height*   Hence, as a first approximation we will interpret ell of the 

departures frost an exponential decrease of emission with height as being 

due to self<-ab8orptlon.   If this interpretation is legitimate* then from 

(66) and the observed emission in, say* Hp we should be able to get approxi- 

mate values for ftg and #2(Q.   From the first two terms on the right of (66) 

end the obeerved Intensities in He, we estlaats £2 • 1*5 x lO^^em"*1.   ths 



so 

coefficient* ©f tho tor** in (68) do not depend too etrongly upon tfto ralutt 

of pg «e long »« we keep it reftientbly alee* to jJo*   Tho obterwd wltte of 

?o it !»& x IQ^'caTK   If we nee tho ottdaotad waive of £j in the ee~ 

effioientt of {68) «« oan write 

For o particular value of lag Aba., equation (69) eta at tolved for 

The plot of log R» va. height in Figaro 0 WM fitted with as enpirioel 

curre.   Above 2000 k* the oarrt was approxinated by a straight lino*   If 

wo extend tbit straight line portion to lower height* and attribute the 

dlffereneet between the two curvet to self-absorption, wo got the values of 

log aba* tabulated in jw 2 of Table 9*   The values of log #200,2 in row 3 

of Table 0 wort obtained from equation (69) and tot valuta of log Abe. in 

row t*   tat values of log 8j>«9,2 in Table 9 art plotted againtt height in 

Figaro 11*   Tho resulting curve is a ttraight lino froa* which wo got 

p2 » 2*39 x lO""8©*""1 and &2,oeof2 * 10#   Wo no to, however, that thsre it a 

good ohaooo that tbit aslhod gives erroneou* values of log Abo* tinoo wo 

have ignored tho bn torn in (61)*   Indeed, wo shall too liter that wo bar* 

underestimated tbo tbtoluto values of log Ab*«, and that OUR* value of $g is* 

atuchtoo larfs.   It doot not necessarily follow that £2,0*0.2 *• **° taall 

einoo doeroating pj> will have tho of foot of increasing   log Abs*   at heights 

groator than m&*   Tho theoretical value of 09,2 i* 1*51 x 10*1*,   For 

ft#0
a*»2'*0» w« «•* **2,0 * 6*6 x io15 *** *or h s *»* x 10" W1 tbo 

number of No atoaa per o»3 at the bass of the chroaoaphere it 1.2 x 10^* 



1000 1200 ......    1400 
HEIGHT     (Km) 

FiQ.li        LOG   Ng «X9tt 

1*00 

VS    HEIGHT 

1600 
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Table 9 

log Aba and 
—11rfnuiiu'i HIIIIHI.II i iiii*KmmMmm»Pmmmiuri0mmimc*«tc»ii**»umi\i<'*>i'mm%'mmi*Wt 

Ifeight (ta)       600      800      1000        1200       UO0        1400       1800 

l9f Aba. -©•Ill     -0.13     "0*08      -0.06      »0,0b      -0*02      «0*0t 

*sifa*M       °^?     °*#     0.08     -0.07     *Q*H     -0*0     "0*# 

2.    b^ Oradlanta* 

*b tart poiatad cut abota that tht ehaagaa in tha p^ with a oaanot ba tha 

r»«lt of aalf-abaerptioa aleaa and thua ara at Xaaat partly, and poaalbJy 

a&tiralr, 4oa to tba tarn rfei^ •   OwLtUnc tha absorption tarn 1» (61), 

Wtftt 

!&&*£•   m/fm-'/L.* «»  ^~fi& (7C) 

Tbs last tarn ia thia action ia uakaown.   Howavar, wa oaa aatiamta It 

fros tha Balaam eontintta* data,*   In tha law chwwoaphara wa ban      ^8r 

dr a\a* »/#•' avaat m/      a»a T$ « SD00», wharaaa at 21*00 ka ^g* * i*4?'**""' 

and Tt • 11,000° (aaa Abla ?).   Tha larga valw» for •jirjp    »* tb* highar 

larala la duo to «wi us* of straight llnaa far tha aaiaaloa gradianta ia 

the Safcaar sontiRttvn*   Jr. its* high** ehrc^ephara wa axpact a high dagraa 

of ioniaation and froai atjaatdon ($7) wa »aa that tha aaauaption of hydro- 

atfttio aqullibriua gi«ea ~s*2fi£* iacraaaiag with haight in erdar to Maintain 

« <son»t"Ust oniaaion gradient*   On tha othar hand, tha ataaunption of low 

lonisation and hydrosutie equilibria* in tha low ahroaoaphara gava J^JBJ* 

$*eraftfltag wi'„h height*    tha praciea valvsaa ara not too toportwit »mc» 

tha % tana ia mall for n fc.6.   For uea in aquation (70) at 2U00 km, wa 



J/^, |y. -        JL. t?«<a* XI*** 
*>A '•-.•#*!:.:•.';•..-•.•:, •=-•.•:..••-        >w 

Jh* v*Xn» of £«* • 2.19 x 1CT8 wa# ototaittad frca tht sadaaioa at tfcs h«a4 

af tha Balsar eantimnm.   Tha valuta of ^ art tabulated in Tablt It end tht 

apparaot v*Xm» of   SS» &M tabulated 'in ?ablt 10.   ftiaea tht fa do not 

ahanft with haight axotpt in toe low ordtr linaa, that* wtiaat of .^^r~- 

apply at all lavala ooftrad toy tha ofeatrvatioaa aaaapt thota below 609 taa 

nfcear-e the eoserrtttona are inooaplete*   the apparent valota of   *~5J^  ft* 

a ft 8 art rapraaented approximately by tht equatlea 

g£J5fe» as   hT* V* 7 £ (1*) 
**> 

me ahowa in figure 12. 

Zf wt integrate aquation (72), we ftt 

Siiwt all of tht bjf3*B auet tot unity at tha heights h$t at whioh &e alattroa 

taaapavaturt and radiation ttaptraturt &r* tha »*«** (?3) tan tot writtta 

tht relaiite raluee cf tha apparent &„'» tan toa detaifcinad frtm tha dlf- 

fesroiieee bttweta tha cbaexT«a B&lxs»»r daovtttaate and the thanaodyaaatlt 

e^uilibriaa deureaent*.   In iht taat of theraodynamio equilibria* we us* 

t^aailoaa (23) and (2U) to oowputa the Belaer deereaenta.   Sinea the deere- 
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Appwwnfc V&1\»« ct 

Xa&i* 10 

k 
•^   wad Sal**? 2s#osww»t» 

imimium mil—WMW#' •.w«iMiH»iyii  nf«[iiniii 

*       *$*»-'  -(X»*^CM)    »«<«*«»»•»»*   woo* 
mmjwwiM OMMW 

TM(F 
0.71* 
0,68 
0*61 
o.a 
o.sfc 

1111 n < i ww mimimn 

>.L7 
0c 
0. 
0.1*7 
0.1*2 
0*36 
0*30 

0*30 
0.35 
0.21* 
0.21* 

0*12 

0.1$ 
0*12 
0.08 
0*12 
0.08 
0.07 

2.$ 
2.28 
1.96 
1.65 
1.39 

x*15 

.72 

.52 
.30 
•1? 

"• *J6 
• .29 
« *l*2 
s .56 
» .60 

• .80 
- .91 
-1.03 
-l.li* 
-1.21. 
-1.31 

1.77**    2*17 
i.it9«*   i.af* 
1.2l**» 
1.21 
1.05 

.91 

.62 

.1*5 

•  • 

0 
• .07 
- »27 
- .1*1 
• #50 
- *55 

•» .87 
« .8b 
•> .88 
-1.36 

1.61 
1.U* 
1*28 

1.12 
.80 
•63 *$e 
.27 
.23 

0 
- .13 
• .32 
* .1*6 
• .61* 
- *?2 

* »89 
-1.01* 
-1.05 
-1.27 
-1.09 
-1.5? 

2.57 
2.29 
1.90 
1.6? 
1.51* 

1.33* 
.96* 
.&* 
.?0* 
.33* 
.23* 

0* 

MtWWWWWW 

2.97 
2.61* 
2.29 
1.90 
1.7k* 

l.£s* 
1.16* 
•99* 
•82* 
m 
.23* 

•*   Oorr#ot«d for feppawttt 8aur~*"o*?iption 

*     KsfempoXatwd Jfrsaii ieww l#v«le 
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deeroaiats gl*e» by (ltm A&*£*J-@K+' *b£* C*'j .   ©» valaee of 

(^4j»4tj -(XM-XC«.J   at 60000 *r* tftbultted 4» ool«sn 3 Of Teble 10/ 

and ttw ofeierrod value* af^,^fc^ tabulated In eoiuaaa k fc© 8.   Bse 

ralaae of J^g *» SB On hare bwa ubulatoa by Xeaeel end pokaria**. 

fhe obeerved raluae o£,£|J^Jepp«ar to give ft* b**fc general agree- 

aa&t with the pradioted decrements *U* JOOO km.   Bewrer, *» not* teat 

in the higaar order liaee for b* 1000 ka ell of tee ebaerod decrements 

eoceeed tee predicted <lee?em«Rte whtreas in the lower order l&nee tee 

ravcree it tnw for h ft 3000 loo.   Stem ^000 km the observed e*«rssjents 

exnead th* piloted tfoontmiate for ell Ha**,   ttie is etronjftr eiMneetlvo 

that eaif-abeorption is affecting the inteasitiae of the lower order liaee 

•reft i& the higher level* end that the Vi «• greater then ontdown to et 

least 1000 to.   Oar purpose 4a this seotiea, however* le to atteapt to 

Aesoribe eH of the observations in tone of bR«e eo we continue to ignore 

»#lf-abeorptien end sea hew fir we sen go* 

She apparent relate of -^(r^W* lieted in Teble 11.   the vnluee 

given by *pu*« -on (7l») ere • 0.1*8 for h - h^ • • 1000 ka tad • O.flu for 

h - h<$ * • 2000 km.   the agreement of these valuee with the observed values 

le very good if wo tot h* * JOOQ km.   But, it should he rooogoieed that tee 

valiant ir. Bti&ia U are «& tailed fnw the observed Betas* deersasats, end the 

ehanges in the deoreaenta ere eaaead. fey the differenoe in the eaieeion 

gradient froa which action {?fc) was derived eo we should expect ooaelstenay. 

Teble 11 

Apparent ^(*'KeW 
-^ »,  i.i mi—•. i».ir»j »j   i   mil  IIJII III   i     mil        III—MMWO—I     Ill "» MM      Innn I  - <| mum. 

1Q00 ka 2000 km 3000 km UOOO km 
•0.79 «0.y» KUOi •0,3* 

" • ' » m       •     ill. 
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$h« &K»rat»nt0 in tha integrated talseion are larger than tha d«x?m»nta 

in tna ««tlatton par mit wit** tad tbay b*gin t» txoaad Its pradiettd 

daorananta at lairal* wall bale* 2000 k*.   Tho affattt ara mwh teo Itrgt *» 

ba dm fca taaparatnra ohangaa and v« art f oroad to oenoluda that tit* valuta 

of fea tfix«gt<i evtr tilt ehs'snofpfcer* abaft 2000 ka art graatar than ena. 

Thonae27 baa shown that ba > bn • jt '"ban th* alaatron t*ap«mttupa la 

graata? than tha radiation tanptratnra and b^*!^ + kwhan tna nrrarsa la 

tcma*   Sanaa* on tna baaia of oar praaant nodal «* anould aapaat to find an 

alaetron tatfparatara of about 60000 t at 3000 kat with l«w tanpavtturaa at 

lower larala and hishar taaparaturaa abova*   The naQatr oeetlBoan data 

anffaat tnia tort of nodal ani an to tola point ov* sandal la oonaistaot* 

rortunttaly, tbara It a critical way of ehaoklnf th* ooaatatanagr of oar 

Intarpratationr Wildt1? hat aatd a aathod of totting an ttdttioa fradlant 

nbi3h la feaaad on tha haighta at which tha v«ricu» Xinaa raaab #$ial inbsaaity, 

IMW. hU „«lt. ««. aMta* to WtaM 1* «. gr.di.af.   ttmri 

baa Intarpratad  this oaonaloua aadaaian gradlant at a aanifastatlon of tba 

faot thitt ba » bj| + k*   Wt ahould bt ablt to aback tbt oonalttafiay of oar 

iatarpratatiea of tha affaott of tba b» by analyaing tha aathod utad by 

«Udt.   Hanoa, It w* put bo • % * XO8 in aquation (7b) *a gat 

and* if o«r aodal it right* w* ahould axpaot this tquatiwa to ba eansiabant 

with whattwr retultt w* gtt* 

Tha condition for *«|tt»l int^ntity in all of tht Balatr line* is 

ffifcfc. ••>•.-' (To) 



F*e* (JO) *nd (36), w# got 

WtMfttl 

HXd% ftjsmod f# * ^©ooi* tad Ignore* Msm b« tad ^ twrw*.   Rt tkoa i»is*» 

protod tao f»ltt» of *•" at 2 ~^* •   Tho valuo of   ~^©btaiaod by tMs 

nstfcod w»* oea*d<4»r*b:ty MHAIIS1 taoa tht value ebteiaod fey Gittio and 

Iteaawl2 Vy tl» iKkft 4iswt sathed «*f plotting log % agaiaet bright* 

OtXXu and ItentaX Mdt tao MM attuqDttoae at Wild* tnd tfca data thai thoy 

va**A wore «1»» aoad by Hldtt   Stoats iatarprttod this difforoaoo a* feoiag 

4m to b» > b© • k •**» thorwforo, ^5P "-dCfr   la oot ma t<p*atio*s (77) 

that tait inUrpreUtAoe la not ooqplfttalsr juatlfiod without ferta«? ojo*ll~ 

fioatiaa«>   lao diaoropaacgr olaarly MIMI froa t&e tima in (77) which haft 

fctaa ntgOaotod.   But* WUdt ha* r*gX*ot*d taa laot 1mm la (77) which, wh*a 

«3Q>tadod, i* 

•3ur A*t.«Bpt* to account for tho ohang*» ia tb« taission gnj&kmt* hy 9*1S» 

absorption ahowod that, e«iai«S*ring tht first t*a%, rsir~ 2&m& now 

<msXiigiSi\9*   It way *»H b«f bowav»rj. that the Kaitei <tf t so that tfc* 

skseond torn ift halplng to Aeotwnt for th* diacrspftney.   Without ivrtati* 

gatiag th» firtt tara it ia iapofttlblo to toll whothsr or not &i» it the 

oaat*   Xh faot* linoo tht oai««ioa gxaditntt art dlffaran* for cash Xiao 

tht valuta of |S   wlH dapand iipoh tht particular Ixittasity wt art 



88 

considering.   A* an illustration of this we have plotted in rigu?# 13 the 

heights of *qml intensity ageinetAC*^J,J^&for three different in tan* 

•lUes*   In all ea*#B we get straight lines, but for t&* intensity of H© at 

1*000 KM #*« 1*68 x 10"V1, for the intensity of K« tt 3000 km 

#- •1.88 x UrW*, «nd for the intensity of K? lit 2000 k»er • 8*19 x lfl-W*. 

Wo hart ihoim that these changes art not entirely due to eelf-abscrptien end 

pert of the change tenet be attributed to the    *3x**    **n8* 

the surprising thing ic that the values of 9* ere independent of fi* 

Frees equities* (U3) end (77)» we see that 

The left eide of (79) le independent of n but the firet three tente on the 

right, if w uw equation (7$), all change rapidly with n«   On the other 

hand* the values of IE obtained frea the det* are very well represented by 

-y~r>   «   Ct. t (80) 

where a - -2.U5 x ur*W* it we use the Intensity of Bo at J4OOC k» but 

has different values for diffident intensities.   Equation (75) gives 

*&*l>- .#^tf.d *'>«/>    -JFfJmPf 

Hence, the ter» "T^""  ^"depend* on n acatly through the value of h 

associated with n»   For n's where h>3000ka this tern is negative and for 

«•* where h < 3000 ice it is positive.   We note, however* that the Ar^taras 

in (79) ere negligibly aaall and that the apparent ^xn *r- po»l***e W*1 

approaching aero for largs n.   Purtaerewre, the apparent value of -T^rr^ 

.:4j$&£i&j^^ *••• than this value fe» 
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r a- O 
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a >18*   Hence, we should hare §2g-»£*f*r »>x8 and 2£r »*f*r « ft XoV 

Ihl* it 4«*t the opposite of the result* given by equation (75) •   B»e rsa&i 
44,4, 

th*% TZ *# ** ***** a **** ># for "a*1* a u wn*ooepta»le fre« * 
physioal standpoint and we art forced to instate the effects of sslf- 

abeorpUan in o?4sr to reswcy the situation.   We o»t» that t»# only reaedy 

is to hate Sj|j» «* for all a si?** the effect of e&lf-ebearption is to 

de*rease/^|s/ in the low order linos.   This show* eceolusively tbat 

equation (75) 1* iaoonaistont with the obMrvatiens in tifct It gives V* 

lass than one* 

As * further illustration of the incor»*istaney of equation (?5) we 

Include the Xfctsmsin (7?) and use (75) *o evaluate ^^and ^fer^ ••• 

*s then have an aquation of ths font 

&kr& 9 A + sn. im 

By evaluating tho oanstanta A and B for all n at tro different uitensitiee 

wo get two values of A and B at sosia heights and we oan SOITS for Tt and 

~jrp   • In »il eaaas to* solutieae give tt negative and ^jjr* > '***' **" * 

Obviously, thsn, wo cannot correct ths Inconsistencies by any sort of isa^s-a- 

tars effeots. Ths only ©th#r alternative Is self-absorption* However* wo 

have *l»own that ths obasrved sffsots cannot bo entirely duo to salf««o«8rpU<m 

and wo ars forood to conclude that wo swat consider together both self- 

absorption and the bn's with |^**.*0in order to obtain a satieractory 

interpretation of tho data* 

3.  Combined effects of Self-absorption and tho bn'a 
" W •  SVMHSMMMMMaWteO   •»MSHMSJWeSjgSe 'SMS*   SJSWfeS**IMe*eWHe*HIOJK«MSMieXM*SaSM- MWM   SMPMSMS .Momasii. 

tho only remaining alternative for explaining the changes in {^ with 

n is to include both the hn and self-absorption tens in equations (61) and 
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(t9)*    Tha Starts® tm mtOl eooparad to tha effaeta obaarod *o wa wlli 

mglae* tfceaa to»,    Xjf wa ineluda the abaoj-piiori tens*, wa ««ua writ* 

(61) a* 

Alao, wa can «rlt« (?9) *« 

Cca&ining (63) and (810, we get 

?or the intensity ©X Ho »t 3000 ka «T« l.d8 x 30"8c»"a and for n *15» 

the slight aid* of (85) i» negaUiret   the value of r* depend* upon the   fo 

Howavars tha trua f^ iruat be equal to or greater than th* obeerved fo 

th*r*foi'*j th* *al«» ei a* rapreeente am upper Halt and the right aida of 

(65) wiH actually bacoae negatlva for ao*w tsj*19»   The absorption tar* 

on tha laf t of (050 la always positive*   Hence* wa n&at have All of the 

^fffir ^ o at tha height appropriate to aach n for n Jt !«.   For .4>,'|i> 

tola glvaa SEtJ&Utfet 700 tat.   Since tha b 'a amat diverge fro* 1 aa n 

decrsaaea, «a amat have all b0'»>l at 700 taa« 

Tha right aida of (85) baooaaa poaitiva for n *15# but sine* 0^2 

variee aa 1/rP wa axpact tha absorption tarn to inoreaae in importance aa 

n daeraaae*.   However, tha rata of in«raaaa ia not aa faat aa l/n3 in thia 

case beoftuee aa n daoraaaaa wa go to graatar haighta whioh deoreasva tha 

absorption tarn*   in order to have self-absorption wort important in HIQ 

than in K20 wa nuat hava 



n 

OJP 

^c > a* c        ' m 

fa *  KV**•**v***, 
(S7) 

Thi* w*U b« the oase if 

In view of the fact that ^MT*** aigntfietst fe* high order UMI and is* 

o^eaaing at n dteniMii fund slnee we wutt have ralatiTely high fft in order 

to he-re hn>l, the inequality in (88) is oat unraasonebl** 

Thaaa argweent* shear conclusively that b^l abort 700 to and that they 

Increase with height.   We should asq^eeti tteen- that the observed Balaer 

deereoante would exceed the thas»Gdyt»ajLo equillbrltai deeraeents wall below 

the laral where •elf^ahftorption beoews swgligible.   fhwi we •«• ttm Table 

8 that the intensities of tha iwar order lines an reduced by s«i£« 

absorption up to at laaet 3000 ten,   Tha value of $2 *hic& wa obtained in 

aootlon 1 was based on the a*sua$itAon that aalf«ftbsorpiion in U? beoeae 

negligible at 2000 lea.   If wt had allowed tha absorption to perdlat to 

higher levels at wa should haya dona, tha value of % would have bean auoh 

lees.   •>_.;   • 

If wa uee the approximation expressed by aquation (63) and ignore tha 

eaell change in (1 • |2 )-1 with n, wa see frost (6U) that 
Fn 

—•—»• :^gy*—'    «-   x»    :-—'iiii|i, limn. «v /I^N 

and, therefore, ;•>;- 



n 

(90) 

(91) 

<?2) 

C*3> 

*&»©#, (0£) «•» *>• written 

8iao«  '1^^<^t w* haws 

At 3000 to •«! « » 9 ^~«* »-0.68 * HrW1 and || • -0.17 x 108«. 

Ibarwforo, 

•t 2000 tea.   Fro* ecpiation (6$) with p * X* w» got 

aad witfe $ * 0 we got 

$$JM>Q pg >& i w* am mtn'ly *%y that 

*t 2000 km. 

Tho <ni(H) tern in (83) d#er**»*i a* h and n inoraaat* whar»&s tho 

^**»uit incroaaa with fc«igfct ia ord«r to **U»jfy (83) and it nu»t d*~ 

oroato with n B»i-a eiewUr than ij oth*«rioe both tarns on tht left of (33) 

wotild bo iwoglifiblo for n£ 20.   Apparently, then, the ^^^^tor* in 
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(63) predoadnetea In all CIHI except where both n an«* h are relatively loir. 

Fro* ft physical standpoint* we can now aee what &* happening to th« 

e&iaaion gradient*»   The self-absorption t#m in (83) approach** soro 

**y«r>t*tio*Uy ft* both h and n increase.   On the other hand, the   ^4     i*r« 

1« approaching asymptotically to a value greater than aero a* b increase* 

and th« asymptotic value approaches aero a* n Inereeeee*   for a and fc such 

that both tarn* ara reasonably close to their a*yopis;t*, thair aw ia nearly 

constant.   For a lower ft and h, tha eelf-abeojrptiors tarn dosdnste*.   Hence* 

th* *rr-  tern wuat change sore slow)? with a and h than tha self* 

absorption; tare does.   Hcm«mtt, If for a given n tha two tens* ana approach* 

log thair asymptotes at approximately tha •«*» rate, thair sun will not de- 

part noticeably froa a constant until both tarn* are considerably reaoved 

from thair aayaptote**   As a further illustration of thi* w* oan eati»»t* 

tha rate of change of abaorption with height and then estlnatt tha change* 

in the apparent aniaaion gradient*. 

P2 i* of the order of 1 x 1(T^.   Hence, in 1000 tan Ngonj? ehangea by a 

factor *****   When log Aba* has reached a value of -0*1 the value of Bgc^ g 

la Mall, and log Aba *i£#v:    O+ZJM**!*   kt * h*1«ht ^^^ W *bovt 

the point whore log Aba* • -0.1 we have log Aba* • -C.0U*   A difference in 

So* I-, *>f 0*06 'sight well be sasked by the random error is the data, end wren 

if it isn' t it would not change the gradient* appreciably.   If, in addition,. 

we have the ^^«-«ter» in (93) partly compensating for the change in th* 

abaorption tern* we will not detect any change in the aniaeion gradient* 

until /log Abe./> 0.10.   Therefore, we should hot be surprised to find that 

the intenaltiea Of the line* are reduced by self-absorption even though we 

can apprcoisate the log En va- height curves with straight line* 
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wi.  kcmommmmm 

¥he entire eellpae prograai of th* High Altitude Cfeeervatorjrwae 

eapported fegr the Of ftoe of Ne«al fteaeareh end carried out in OIOM eo* 

operation wiifc the Xeval Keeeareh Wberaterjr*   We wts>h to espreea our 

tha»*s to fir. I* 0. fhilfeurt end Bis John P. Ha*e» of the level teeearefc 

l-ibcwwiory for the »ny fore* of aeaietaaee and adv&ee rendered «* before* 

daring IUMI after the expedition*   It are portleulArSjr Indebted to thou for 

aid at the eellpae after Dr. Seaae* «o«ld»nt and for the eleee eoordimtim 

of their r*4io»aol0e cfes«r*»tioft» with our optlael efeeervatione*   !e also 

wish to tteak Copatador W. 8* Berg for too eseellent aaoner in which too 

eollpee expedition wae carried out*   Our etgelpneat node the difficult trip 

to tb* eelipee aita la too feoe of severe oompliaationa* en eatoelleat 

In tho eeurae of preparing too obeewissg equlpanat «• wore foreed to 

barn tea amnr other group* for help*   It wish particular!/ to aeiaioeledg* 

the eontrlbtttleae of the f oiXswingt 

1*    Uok Obeerratorr for the uee of the Hoes lenseei 

8.    Kt* Wilson Obserratorf for the loan of a airror blank for 

the 21A" spherieal Mirror} 

y.     Or, D. H* ttenael for the use of tha infrared gretingg 

h*    Br* Dafid iUcbardeon and the Bausefc mA fenfe optical ooapaj^r 

for their exvalltnt and §ener<ms work in the preparation of 

the ultmilolet and visual grating*? 

$*    Baird Associates for preparation of the optical wedges used 

in the standardising progra»j 
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6*     Dr. Willlsa F. Swann and ths Raaoarob D*p*rt»#ni of gaataan 

Kodak Oo«|>*r»y for preparing filsa for tho observations- 

ID a&UUMt ** wish to thank stanbera of th« shop and rasaareh ataff of 

tha High AlUi'sS* Observatory who eontrihutao; so froaly of thair Um and 

talents whan asaadiala probis** »s<$« it appaar that sow* of our ooaponanta 

night not b# raady In tisa for the exposition* 

Wo aro further indabtad to Dr. D. H« Vansal for his halp and anesewaga- 

mttt throughout *U phaaaa of tht work, and to Dr. R. R. llettath for th« uaa 

of tha aderodcnsUaaatar at tha MaMatVHuibart Obearvatory, 

ffca author wlahaa to axpraas hla thanka to Dr. W. G. Roberta, Dr. J* W. 

Brant, Mr. R» H» L»«» and Mr. ft. K* Cooper for thalr support in thia work 

and their aany helpful euggeetione regarding tha reduction procedure*j to 

Mrs* Sathryn M. Virneleon and Kra» fursa 8« Pflug for halp in praparation 

of tha aanuaeript of thie thealej to Dr. &. t* SUUnga for hla halp in 

solving tha eoepHoatad photoaetrie problaaa that faced uej and especially 

to Dr. R. N» Thoaaa for hi a unstinting aneouragataant and halp in all phaaaa 

of tha work. 
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rm. tsvmm 

Ml* I. 
Optieti ^oastatilt Of ftta&fert 

*&a 8>««tafii Att 
»a4 Oolila**er 

X3600 X86CO i.3700 XS800 x»oo 

0.76 o.n 0.78 0,79 0*60 

t 0.63 0.61 0.47 0.46 0.48 
4 0,87 0*66 0.81 0.80 0,86 
6 0,11 0.80 0.18 0.1? 0.16 
a 0.13 O.U 0.10 0.066 0.069 

10 0.076 0.066 0.063 0.066 0.061 
II 0.046 0.039 0.068 0.063 0,089 
14 0.066 0.084 0.088 0.080 0.016 
14 0.016 0.013 0,013 0.018 0.011 

I * 38 aape 
T »8667<f SHUT* 

0.468 
86.3 

0,460 
36.6 

0.476 
47.9 

0.476 
61,7 

0.474 
77,6 

X * 83 nag* 
tow* 

0,464 
10*7 

0.468 
14.6 

0,460 
80,4 

0.470 
86,8 

0,476 
33.9 

X • 50 •»$»* -9 0,466 
3,66 

0,484 
8.13 

0,468 
7,84 

mmmmmmm wwwuwpnuijurw 

h 0.94* 0,74* 0,64 

0,490 
9,76 

0.66 

0,478 
3**9 

0,4? 
jWHWWWWWW—» HWWMWM—MW * 

*    «3*XftpQl*6*6« 
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T»bl« t 

Staadtrd %po«iw«t 8«t A 

X8B0O 
log log 

\*?°0 
lot 

 Iff 
log log 

MBUN< 

ax 
d dBo JQK3& d 4£c d dfifi 

4X 
d d 

1 TOT 1.99 1& &> ' 8.84 13.43 8.40 13.48 8.47 18.93 8.60 
4 13,11 1.80 13.19 8.07 13.88 8.87 13.31 8.38 13,33 8,44 
e 12*87 1.44 18,98 1.81 13.01 8.06 13.07 8.S3 13.11 8.34 
8 18.44 1.10 18.70 1.34 18.77 1.70 18 .as 1*98 12.86 8,10 

10 02.48 0.88 18.44 1.03 18.36 1.30 18,39 1.33 12*63 1.80 

18 18.80 0.54 18.83 0.71 18*34 0.98 18.36 1.16 12.38 1.37 
14 11*99 0.33 18*03 0.43 18.10 0*44 38,14 0,61 18.16 0.94 
14 11.79 0.81 ii.es 0.87 11.88 0.37 11.98 0.48 11.94 0.60 

.•••. 18.47 0.89 18.87 1.80 18.88 1.63 18.77 1*89 18,86 2.10 
4« 18.80 0*89 18.40 0.98 18.80 1.84 18.69 1.64 18.87 1.90 

6» 18.04 0.44 18.14 0.70 18.80 0,98 18.33 1.17 18.43 1.47 
6* 11.81 0*84 11,91 0,40 18.01 0.94 18.10 0.76 18.18 0.9? 

10* 11,61 0.17 11.39 0.88 11.78 0.89 11.87 0.43 11.94 0.68 
JJJI 11.41 0.18 U.46 0.14 11.0ft 0.18 11.64 0.83 11,70 0.30 
14» 11,80 0.14 U.84 0.14 11*38 0.18 11.42 0.16 11.48 0.17 
14* 11.06 0.14 11.04 0.14 11.13 0.14 11.80 0,14 11.86 0.14 

l*S* 0.07                  0.07 0.07 0.08 0.10 
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febl* 3 

0*ftAdft£4 IKWMRMFM 8*t B 

AfcJ 
13600 

log 
^3700 

log 
~JJBML~ 

d t 4 8 
,  mjft  

8 
4k 

d 

8 19.19 1*64 13.39 9.09 13.87 8.89 13.44 8.89 18.49 8.89 
4 13.04 1.44 13.19 1.98 38.19 8.14 13.86 8.88 18.80 8.84 
• 13.00 1.33 18.30 1.70 18.98 1.99 18.08 8.18 18.03 8.84 
• 18.87 1.04 18.64 1.30 18.71 1.98 18.77 1*80 13.31 8.00 

SO 13*33 0.74 13.40 1.08 18.90 ftO? 18.34 1.40 18.37 1.70 

u 13.13 0.43 18.17 0.78 18.88 0.90 18.31 1.04 18.33 1.88 
14 u.w 0.30 U.97 0.44 18.04 0.98 18.09 0.48 18.11 0.87 
16 11.73 0,30 11.77 0.86 11.82 0.38 11.87 0.40 11.69 0.99 
V 13.47 0.00 18.37 1.18 18.67 1,48 13.78 1.78 18.80 1.98 
4» 12.80 0.71 13.40 0.98 18.49 1.88 18.87 1.44 18.68 1,76 

8» X8.08 0.48 13.16 0.67 18,89 0.98 38.88 i«n 18.88 1.39 
0* 11.81 0.37 11.91 0.87 18.09 0.36 38.08 0.79 13.18 0,94 

10» 11.61 0.10 11.69 0.88 U.77 0,81 11,38 0.48 11.69 0,60 
W 11.41 0.13 11.46 0.17 11.89 0.20 11.68 0.89 U.39 0.91 
w U.30 0.13 11.86 0.16 11.84 0.17 11.40 0.17 11.43 0.1* 
w 11.00 0.14 11,06 0.16 11.18 0.16 11.18 0.18 11.21 0.17 

RM,    0.14 0.18 0.18 0.11 0.10 
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fctbU 4 

Bfc*» for OhMftOtottUtl* Oust* for ?&§1U« 8$aetrogi<e*8 «t \4900* 

*•&«* attpt 3        4        6$ 8 10 

9p«oular awwlty 0.64 0,89 i.ts 1.68 1.84 2.IS 8,49 3.86 
(&*••&) 

Biffttft* 10 0,78 0.86 0,41 0,30 0,32 0.31 0.30 0.99 
&d£3ltt«e 13 o.n 0.68 0*40 0,34 0.31 0.31 0.90 0.99 
is w»4gti SO 1.88 1,01 0*79 0*64 0.36 0,33 0,61 0.60 
i**g* ill 81 1.83 1,06 0.81 0,66 0,39 0.34 0.81 0.90 
•pttftSQiSKH 89 1.90 1,69 1,30 1.09 0.94 0,94 <—* •M* 

nuatart 
 -  
log 100 (10"°   • 0,036) 1.48    1,33    0,93    0.98    0,71   0,64    0,39    0,97 

frblft 6 

Idf^Q ot Bttatlvft Znt«MltiM la Qoretml Ocotiiwcea *% X4900, 

Op«c.   aqposur*  _____ 
ta       «. -i* ill •HILI im—l **6rr      ti»*      of X mt^iSHiiii   ,T.-?i,.?.  trafiiV ^^".n«g7-w_>--—- 

3 3T 
»§*rtm»»>r*.— *rm~a»tfw»»i—nw^oi g 

10 
13 
19 
If 

90 
ma 

89 

0.3 
0,3 
0*6 
0,9 

1 0.73 
% 0*74 
1 0.73 
1 0,73 

0.86 
0,64 
0.66 
0.93 

0,37 
0.39 
0.48 
0*43 

0.84 
0,84 
0.88 
0*89 

0,9 

8.9 

1 

1 

0.74     0.36     0.40 
Vmfif 

0.79 
v.**/ 
0,83 

U ."BO 

0.36 

0.31 

0.83 

0,17 
0.80 

0,18 

o.ia 

0.09 
o.u 
0.18 
9%       t  _* 
t*«4t«9 

0,07 

-0,01 
0.04 

-0.04 
-0,01 

0,03    -0,01 

0.01    «0.08 
MMHyW WWW*WM)MWWll WWWW1HW nm J- 

ATOttg* 1      0.74      0,63      0,40      0.8?      0,19      0.19      0,03    -0.01 
awoo*9«d Awsg«   1     0.74     O.SS     0,40     0,88     0.10     0,10     0,03   -O.OB 

mwi^wiiww n n • IKHWMWM*—* 
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ftbX» * 

Site tot Oltnvlolttt 0b§*»«t«rifU6 Qurrna tta* Cor&ml aoatiaww. 

ItigM •tow 
ilab la m. i 1|       8 4 3*       • 
D«M nit* X3700 1,18 o.oo 0.87   0.03   0.40 0*39 0.33 0*94 O.St 
©* «*•*$»«*** X3800 0.77 0*95 0.49   0.34   0.38 0,89 0.87 0*89 0.89 
cwKb«r IS* X3480 0.67 0.48 0.S6   0.33   0.30 0.88 0.87 0*89 c.ea 

StftttitiiM 

mwb«r 17* 

X8900     — 1*98 1.89 
X3800 1.94 1.49 1,14 
X3700 UU 1.34 1,06 
X3600 1.5* 1,16 0.94 
X3609 1.89 1.00 0.79 
X3430 1,09 0.88 0*99 

1.00 
0.98 

0.79 
0.69 
0»SE 

0.63 
0.78 
0,70 
0.68 
w.64 
0*43 

0,71 
0.88 
0.68 
0.94 
0.49 
0*37 

0.60 
0.98 
0.88 
0.40 
0.40 
0,33 

0.94 0.91 
0,31 0.48 
0.47 0.44 
0.98 0.39 

0.30 0.89 

OtMltlw 
OA qptotvof Ma 
ttiwbtr 18. 

X8900     — 8.04 1.77 1,94 1.34 1.18 
XS900 8.89 1.81 1.99 1.48 1.83 1.09 
X3700 8.U 1,77 1.90 1.87 1.18 0.97 
X3900 1.93 1.90 1,89 1.10 0,87 0,86 
XS800 1.79 1.38 1.13 0.98 0,88 0,78 

1.08 0.94 0.87 
0.96 0,86 0.80 
0.88 — 0.78 
0.78 0.69     — 
0.94 0.98 0.98 

OoaeiH** 
Oft §p*6trag£Mft 
nm&«w 80, 

X3900 8*96 
X3800 8.48 
X3700 8.49 
X3900 8.36 

8.40 *,£9 8a5 
8,56 8,17 n,03 
8.89 8,09 1.98 
8.88 *M 1.88 

8,08 
1.90 
1.79 
1.66 

1^89 
1.76 
1,68 
1,46 1.38   1.88   1.16 
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fetel* 7 

£h*« tot Sigfe Vmtmitf tea of X3W0 3&»»»et«vlirti6 trerw* 

H„ 

H30 

tsrx 
• MMIIlWMUWM 

e,oc 
i.*6 
1.89 
i.eo 
1.70 
1.60 

1,68 
1.48 
1.43 
x.ao 
1.38 
1.87 

1,24 
1.82 
1*14 
1.11 
1,16 
1,25 

T 
8.98 
8.96 
8.96 
3.96 
3.91 
8,89 

8.87 
8.8? 
2*83 
8.88 
8.79 
8,76 

8,73 
8.76 
3.78 
3.61 
8.69 
£.65 

MMMMIVil 

1.87 
1.80 
1,71 
1.63 
1.68 

1.39 
1.87 
1.88 
1.85 
1.88 
1.18 

1.06 
1.03 
1.00 

X.0S 

fipj^* IjCjji t 

WNMWM 

8-96 
8.96 
8*90 
8.86 
3.84 
8.76 

8.83 
3.80 
3.79 
8.76 
8.74 
8.80 

8.70 
8.66 
8.63 

8.60 
-4B1MII— 
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ft*X*9 

Gorrmieae tmv Sspoture timm *.s« 

Hep. KUUBttil fit* 
Lee&U 

t (••«•) Log ^./i— 
Rft> fim» *ta*l 

Oliwkt 
P   <* 0,91 

A 1) 

• 0.9 m> 0.18 0.81 M» 

8 0,0 0,93 0.08 0,93 »wa «M» 

4 0.3 «N» 0.14 0,91 mm mm 

8 0.3 «M 0,10 0.84 9,00 
9 0.3 0,90 C.li 0,90 1.90 mm 

10 0.3 •N* 0.04 0.8? 9.13 mm 

U 0.3 0.90 0,19 0,90 3,90 mm 

IS 0,9 «m« .-- 0,19 0.99 $.30 8.90 
13 0,3 0.99 0.13 0.31 8,00 9,00 
14 o*s *mm 0.0ft 0.84 1,89 9,90 
13 0.3 **>•** 0.14 0,90 8,10 9.80 
14 0,3 O.SS 0.08 0.93 2,10 8,18 

1? 0.3 M. 0.18 0,90 9.03 3.10 
20 0.3 0,93 0,15 0.91 9,00 9,03 
1£ 0*9 •M. -0.82 0.33 8,00 9.00 
m 0.4 M -0.48 1,00 •MM •". 
%t B,9 •w. •0.90 9,90 ~ OHO 
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1712 Q8te*#i* X. lT 
Xtir W&r Xkipaftmrnt 8uU41ng 
Wwhiagton 25# D. C» (2 eopiao) 

&tp»*tMmt of tbo tttt^ 

Ctdofof Kavftl ftftaoiurala 
0?ft«» Of Navel EtMMMrvo 
Wtohlogton 25, B* 0* 

Attei Gk»optyila« Broigb, Owk? >A6.0 «o?l*e) 

Dim tor* Hotal Roftouvb Labor*torr 
fooi&ngtoa 20, W''6*'v^--^::^^«-'^:'/^-.C.' ••:-.-.--,-•"-•       

Attm   ToohnAeol XRfomtlo* Of/too* ( 9 ooploo) 

V« -S. Jftwy ©f£fe» of Jtavol Romreb. 
8«aeh Offloo ' 
W>5 £*WMW Stxtftty 

, Boe UA 10 * M*«**ofctia«tts 
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